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EXECUTIVE  SUMMARY 


The  primary  objective  of  the  study  was  to  evaluate  the  use 
of  several  biomonitoring  systems  for  assessing  contaminated 
groundwater.  Contaminated  groundwater,  which  contained  multiple 
heavy  metals  and  chlorinated  aliphatic  hydrocarbons,  was  studied. 
The  contaminated  groundwater  was  withdrawn  from  the  lower  depths 
of  the  surficial  aquifer  at  Beach  Point  which  is  located  in  the 
Canal  Creek  Area  of  the  U.S.  Army  Aberdeen  Proving  Ground- 
Edgewood  Area,  Aberdeen,  MD.  Groundwater  was  withdrawn  from 
well  CC-33B,  which  is  the  most  the  highly  contaminated  well  at 
Beach  Point.  A  hazard  assessment  of  the  groundwater  release  into 
the  Bush  River  was  performed  using  the  biomonitoring  results. 

Biomonitorinq  Evaluation 

Several  EPA  priority  pollutant  heavy  metals  were  found  in 
the  groundwater  at  Beach  Point.  The  concentrations  of  cadmium, 
copper,  nickel,  and  zinc  exceeded  one  or  more  of  EPA's  numerical 
water  quality  criteria  for  the  specific  metal.  A  number  of 
chlorinated  aliphatic  compounds  were  also  found  in  the 
groundwater,  several  of  which  are  EPA  priority  pollutants.  The 
chlorinated  aliphatic  organics  that  occur  at  the  lower  depths  of 
the  aquifer  may  be  present  as  a  residual  denser-than-water 
nonaqueous  phase  liquid  (DNAPL) .  Of  the  organics  present  in  the 
groundwater,  none  had  octanol  water  partition  coefficients  (log 
kp„  or  log  P)  >3;  thus,  bioaccumulation  was  not  a  potential 
toxicological  problem. 

An  array  of  nine  biomonitoring  systems  integrated  into  a 
tiered  hazard  framework  was  evaluated  during  a  9 -month  study. 

The  biomonitoring  systems  included  a  number  of  endpoints.  The  pH 
of  the  groundwater  from  well  CC-33B  was  4  (±  0.1) ;  thus,  many  of 
the  assays  were  conducted  at  both  pH  4  and  pH  7.  The  toxicity  at 
pH  7  was  studied  so  that  the  data  could  be  used  in  the  hazard 
assessment  of  the  groundwater  as  it  entered  the  Bush  River  which 
has  pH  values  close  to  the  neutral  range. 

Toxicity  was  detected  at  various  groundwater  concentrations 
by  7  of  9  biomonitoring  systems.  The  Ames  assay  for  mutagenicity 
was  negative  in  all  cases  (1,  10,  and  100%  groundwater  by 
volume) .  Japanese  medaka  (Oryzias  latines)  growth  was  not 
affected  by  9  months  of  exposure  to  1  and  10%  groundwater  by 
volume  in  a  chronic  histopathology  assay.  No  significant  lesions 
were  found  in  the  Japanese  medaka  exposed  to  groundwater 
concentrations  up  to  10%  groundwater  by  volume  (highest 
concentration  studied) .  A  positive  response  was  found  for  100% 
groundwater  in  a  sister  chromatid  exchange  (SCE)  assay  for  DNA 
damage  when  the  groundwater  sample  was  concentrated  »50,000X. 

The  SCE  assay  was  negative  for  unconcentrated  100%  groundwater. 
The  positive  SCE  response  in  the  50,000X  concentrated  sample  was 
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judged  not  to  be  important  to  aquatic  organisms  in  the  receiving 
stream. 

The  lowest  concentration  of  groundwater  that  caused  no 
observable  adverse  effect  (NOEC)  at  pH  4,  in  the  test  systems  in 
which  the  NOEC  value  could  be  deteirmined,  was  10%  groundwater  by 
volume.  A  NOEC  of  10%  groundwater  by  volume  occurred  in  3  out  of 
4  tests  in  both  a  7-d  cladoceran  rceriodaphnia  dubia)  and  a  96-h 
frog  (Xenopus  laeyis)  embryo  teratogenesis  assay  -  Xpnopus 
(FETAX) ;  it  occurred  once  in  a  7-d  fathead  minnow  (Pimephal^s 
promelas)  test.  The  NOEC  concentration  was  higher  at  pH  7  in 
both  the  fathead  minnow  and  FETAX  assays.  The  10%  groundwater  by 
volume  NOEC  for  the  cladoceran  at  pH  4,  however,  did  not  change 
when  the  organism  was  exposed  to  buffered  groundwater  at  pH  7. 

When  estimated  maximum  acceptable  toxicant  concentrations 
(MATC)  were  established,  the  data  for  alga  (Selenastrum 
caor i cor nutum ) ,  invertebrate  (C.  dubia) ,  and  fish  (P.  promelas) 
used  in  the  biomonitoring  study  suggested  that  the  groundwater 
would  not  be  harmful  at  a  concentration  of  10%  groundwater  by 
volume.  Likewise,  no  genotoxicity,  developmental  toxicity,  or 
chronic  histopathology  occurred  at  10%  groundwater  by  volime. 
Thus,  the  biomonitoring  data  suggested  that  chronic  toxicity  may 
not  occur  in  the  Bush  River  at  a  dilution  of  10:1.  Chronic 
toxicity  was  predicted  to  occur  in  the  Bush  River  if  the 
groundwater  entered  the  receiving  stream  at  the  concentrations 
which  occur  in  well  CC-33B. 

Hazard  Assessment  Evaluation 

A  number  of  worst-case  assumptions  were  made  for  the  Beach 
Point  hazard  assessment  when  sufficient  data  were  not  available. 
The  flowing  assumptions  were  made  for  the  calculation  of  the 
estimated  discharge  rate  of  the  surficial  aquifer  into  the  Bush 
River.  The  surficial  aquifer  was  considered  to  be  homogeneous, 
characterized  by  isotropic  flow  conditions.  The  average 
saturated  thickness  of  the  aquifer  was  assumed  to  be  18.8  m  (61.8 
ft) .  The  aquifer  was  assumed  to  discharge  the  entire  length  of 
the  Beach  Point  Peninsula  fronting  the  Bush  River;  a  more 
realistic  estimate  of  length  of  discharge  from  Beach  Point  is 
probably  one  third  to  one  half,  rather  than  the  entire  length. 

With  regard  to  the  contaminant  concentrations  in  the 
groundwater,  the  assumption  was  made  for  heavy  metals  that  no 
retardation  occurred  via  adsorption  onto  solid  surfaces  or 
tirappino’  by  clays  through  ion  exchange*  It  was  also  assumed  that 
no  precipitation  of  the  metals  occurred  when  the  pH  shifted  from 
4  to  neutrality  when  the  groundwater  entered  the  receiving 
stream.  The  assumption  was  made  for  the  DNAPLs  that  no  abiotic 
(chemical)  or  biotic  (microbial)  transformations  occurred. 
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It  was  also  assiamed  that  the  heavy  metals  and  residual 
DNAPLs  were  homogeneously  mixed  throughout  the  complete  aquifer 
at  the  highest  concentration  (not  the  average  concentration) 
measured  during  the  course  of  the  study.  It  was  assumed  that  the 
maximum  concentrations  of  materials  would  not  increase  above 
those  currently  present  in  well  CC-33B  since  the  original  sources 
of  the  contaminants  were  no  longer  present.  The  assumption  was 
made  that  the  highest  concentrations  of  the  heavy  metals  and 
chlorinated  aliphatics  in  the  aquifer  all  moved  through  the 
sediments  into  the  Bush  River  without  any  biotransformations  or 
other  physical/chemical  transformations  occurring  in  the  sediment 
or  water  column  of  the  Bush  River. 

When  the  above  assumptions  were  used  in  the  hazard 
assessment,  the  groundwater  may  be  considered  to  be  a  potentially 
hazardous  material  to  the  benthic  biota  of  the  Bush  River.  The 
hazard  to  water  column  aquatic  biota  would  rapidly  dissipate  as 
the  groundwater  materials  mix  in  the  receiving  stream.  Because 
the  potential  water  quality  impacts  were  judged  to  be  minimal,  a 
mixing  zone  approach  by  the  State  of  Maryland  which  allows  for 
local  exceedences  of  water  quality  standards  may  be  pursued.  The 
State  of  Maryland  Code  (COMAR)  allows  for  a  mixing  zone  on  a 
case-by-case  basis.  Pollutant  concentrations  within  a  mixing 
zone  may  exceed  the  specified  water  quality  standards  within  a 
localized  vicinity  of  an  outfall. 

Near-field  (ULINE  model)  and  far-field  (dye-tracer  model 
with  input  data  originally  obtained  for  the  Bush  River)  EPA- 
approved  screening  level  dilution  models  were  run  to  estimate  the 
dilution  of  the  groundwater  discharge  plume  in  the  Bush  River. 

The  concentrations  of  the  groundwater  hazardous  substances  were 
estimated  for  the  near-field  and  far-field  in  the  Bush  River 
using  the  mixing  zone  requirements  of  the  State  of  Maryland. 

The  model  analyses  showed  that  a  total  near-field  dilution 
(near-field  dilution  corrected  for  the  influence  of  far-field 
dilution)  of  approximately  42:1  for  the  application  of  the 
State's  acute  aquatic  life  criteria  and  a  near-field  dilution 
level  of  168:1  for  the  application  of  chronic  criteria  would 
occur.  Thus,  contaminants  introduced  via  Beach  Point  groundwater 
into  Bush  River  receiving  waters  at  a  concentration  of  42  fig/h 
would  be  diluted  locally  to  a  concentration  of  approximately  1 
lig/Jj  or  less.  When  the  dilution  factors  were  applied  to 
groundwater  quality  at  Beach  Point,  none  of  the  heavy  metals  or 
chlorinated  aliphatic  compounds  exceeded  Maryland's  current  acute 
or  chronic  aquatic  life  criteria.  The  dilution  study  showed  that 
detectable  concentrations  of  some  of  the  chlorinated  organics 
would  occur  in  the  receiving  stream  when  the  conservative 
assumptions  concerning  the  groundwater  contaminants  were  used  in 
the  model. 
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Although  an  argument  can  be  made  for  a  mixing  zone,  it  is 
highly  unlikely  that  the  contaminant  loads  assumed  in  the  near¬ 
field  dilution  model  will  ever  occur  in  the  Bush  River.  A 
refinement  of  the  conservative  assumptions  used  in  the  hazard 
assessment  would  reduce  the  uncertainty  regarding  the  volume  of 
the  discharge  as  well  as  the  concentration  of  contaminants  that 
may  enter  the  receiving  stream. 
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SECTION  1 


INTRODUCTION 


The  primary  goal  of  ecotoxicological  testing  is  to  predict 
the  effects  of  chemicals  (single  elements,  compounds,  and 
mixtures)  and  other  stressors  (e.g.,  heated  wastewater,  suspended 
solids,  etc.)  on  the  long-term  health  of  individual  organisms, 
populations,  communities,  and  ecosystems.  There  is  no  perfect 
short-term  (acute)  or  long-term  (chronic)  toxicity  test  which 
allows  one  to  predict  with  certainty  the  effects  of  a  single 
toxicant  (not  to  mention  a  complex  mixture  of  contaminants)  on 
ecosystems.  Although  perfect  prediction  is  not  attainable 
(Barnhouse  et  al.,  1986),  a  well  selected  array  or  battery  of 
biomonitoring  assays  integrated  into  a  tiered  hazard  assessment 
approach  can  be  used  to  maximize  predictability  of  adverse 
pollutant  effects  to  aquatic  ecosystems  (for  ex.,  see  Dutka  and 
Kwan,  1988;  National  Research  Council,  1981;  Schaeffer  and 
Janardam,  1987) . 

The  selection  of  an  appropriate  tier  of  hazardous  assessment 
biomonitoring  tests  is  based  on  the  problem  to  be  solved  (Cairns, 
1990;  Dickson  et  al.,  1979;  Mackay  et  al.,  1989).  Single  species 
assays  are  the  most  widely  used  hazard  assessment  systems  (for 
ex.,  see  Cairns,  1986;  Herricks  and  Schaffer,  1985;  Rand  and 
Petrocelli,  1985) .  Hazard  assessment  schemes  may  also 
incorporate  multispecies  microcosm  tests  and  ecosystem  level 
simulations  in  their  protocols,  single  species  toxicity  tests, 
multispecies  microcosm  tests,  and  ecosystem  level  simulations  all 
have  advantages  and  limitations  (Neuhold,  1986) .  The  U.S.  Army 
Biomedical  Research  and  Development  Laboratory ' s  (USABRDL) 
Research  Methods  Branch  uses  a  hazard  assessment  biomonitoring 
testing  tier  which  is  composed  primarily  of  an  array  of  single 
species  assays. 

The  University  of  Maryland  in  collaboration  with  USABRDL  is 
evaluating  the  use  of  several  biomonitoring  systems  for 
assessment  of  potentially  contaminated  groundwater  and  sediment- 
associated  contaminants  at  U.S.  Army  installations.  The  current 
report  suinmarizes  an  evaluation  of  contaminated  groundwater  which 
contained  multiple  heavy  metals  and  chlorinated  aliphatic 
hydrocarbons.  The  contaminated  groundwater  was  withdrawn  from 
the  surficial  aquifer  at  Beach  Point  which  is  located  in  the 
Canal  Creek  Area  of  the  U.S.  Army  Aberdeen  Proving  Ground- 
Edgewood  Area,  Aberdeen,  MD.  The  definitive  experimental  phase 
of  the  study  was  conducted  over  a  9-month  period  from  February 
25,  1993  to  December  6,  1993.  In  addition  to  the  prima^  goal  of 
the  study  to  evaluate  the  performance  of  the  biomonitoring 
systems,  the  biomonitoring  results  were  also  used  in  an  hazard 
assessment  of  the  groundwater  release  in  the  Bush  River. 
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SECTION  2 


OBJECTIVES  OF  STUDY 


The  primary  objectives  of  the  study  were  to: 

1)  Evaluate  the  acute  toxicity  of  the  groundwater  using  the  5- 
and  15-min  Microtox®  procedure  (Photobacterium  ^ phosphoreum 
bioluminescent  activity)  and  the  24-h  LC50  Rotifer  Toxkit™ 
(Brachionus  rubens)  screening  test.  In  addition,  the 
following  acute  bioassays  were  also  performed:  algal 
(Selenastrum  capricornutum)  96-h  EC50  growth  test, 
cladoceran  ( Ceriodaohnia  dubia)  48-h  LC50,  fathead  minnow 
(Pimephales  oromelas)  96-h  LC50,  and  Japanese  medaka 
(Orvzias  latipes^  96-h  LC50. 

2)  Evaluate  chronic  toxicity  using  the  96-h  EC50  algal  (S. 
capricornutum)  growth  test,  7-d  cladoceran  (C.  dubia) 
survival  and  reproduction  test,  and  7-d  fathead  minnow  (P. 
prpinelas)  survival  and  growth  test. 

3)  Determine  the  genotoxicity  potential  of  unconcentrated  and 
concentrated  samples  of  the  groundwater  using  the  Ames  assay 
and  Sister  Chromatid  Exchange  assay. 

4)  Determine  the  developmental  toxicity  potential  of  the 
groundwater  using  the  frog  (X.  laevis)  embryo  teratogenesis 
assay  -  Xenopus  (FETAX) . 

5)  Determine  the  chronic  histopathological  potential  of  the 
groundwater  using  a  9— month  Japanese  medaka  (Q.  latipes) 
growth  and  chronic  histopathology  test. 

6)  Quantify  the  major  chemicals  present  in  the  groundwater  and 
monitor  the  general  water  quality  of  the  groundwater. 


A  secondary  objective  of  the  study  was  to  use  the 
biomonitoring  data  obtained  in  the  biomonitoring  system 
evaluations  to  assess  the  potential  hazard  of  the  groundwater  as 
it  moved  into  an  aquatic  ecosystem  (Bush  River) . 


15 


SECTION  3 


BEACH  POINT  SITE  DESCRIPTION 


3 . 1  Physiographic  Setting 

Beach  Point  is  a  peninsula  located  in  the  Canal  Creek  Area 
of  the  U.S.  Army  Aberdeen  Proving  Ground-Edgewood  Area  (APG-EA) , 
Aberdeen,  MD.  The  peninsula  is  bounded  by  the  Bush  River  on  the 
southeast  and  Kings  Creek  on  the  northwest.  The  long  axis  of  the 
peninsula,  which  is  oriented  approximately  45*  east  of  north,  is 
«448  m  («1,470  ft)  long  x  «107  m  («350  ft)  wide.  The  maximum 
altitude  of  the  land  surface  is  «4.6  m  (»15  ft)  above  mean  sea 
level  (Nemath,  1989) ;  the  average  elevation  is  «3  m  («10  ft) 
above  mean  sea  level  (McGinnis  et  al.,  1994). 

3.2  Historical  Use 

Beach  Point  has  been  used  for  a  number  of  activities  which 
may  have  contributed  to  the  contamination  of  the  soils  and 
groundwater  as  well  as  Kings  Creek  and  Bush  River  (Nemath,  1989) . 
The  major  operations  include  1)  mobile  and  fixed-based  clothing 
impregnating  plant  activities  during  World  War  II;  2)  liquid 
rocket  fuel  testing  from  the  early  1960s  through  the  1970s;  and 
3)  pyrotechnic  testing  with  grenades  and  pots  filled  with 
obscurant  smoke  from  the  post-World  War  II  period  to  about  1970. 

As  discussed  in  Nemath  (1989) ,  the  clothing  impregnating 
process  involved  the  use  of  several  solvents  which  included 
1, 1,2,2 -tetrachlorethane,  N,N'  dichloro-bis(2,4,6-trichloro- 
phenyl)urea,  chlorobenzene,  and  other  solvents.  Losses  of  the 
hazardous  materials  may  have  occurred  through  volatilization, 
spillage,  or  leakage,  as  well  as  direct  discharge  to  Kings  Creek 
and/or  the  Bush  River.  Historical  photographs  indicate  that  the 
materials  may  have  also  been  discharged  to  small  pits  located 
near  the  clothing  impregnating  plants.  Various  fuels,  oxidizers, 
and  fire  suppressants  were  used  in  the  liquid  rocket  fuel  testing 
programs.  Wastewater  from  the  tests  was  either  discharged 
directly  to  the  Bush  River  and/or  Kings  Creek,  or  may  have  been 
allowed  to  run  off  onto  the  ground  surface.  The  primary 
materials  used  in  the  pyrotechnic  testing  were  white  obscurant 
smokes  and  fog  oil.  Materials  associated  with  pyrotechnic 
testing  often  include  aluminum,  magnesium,  zinc,  lead,  and 
titanium,  as  well  as  petroleum  compounds,  hexachloroethane,  and 
other  organic  compounds  (JEG,  1993) . 

3 . 3  Groundwater  Contamination 

Because  of  possible  groundwater  contamination  from 
historical  activities  at  Beach  Point,  USGS  began  placing 
observation  wells  at  Beach  Point  in  1986  as  part  of  a  larger 
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study  of  the  Canal  Creek  area  (Lorah  and  Vroblesky,  1989).  Five 
wells,  located  in  three  clusters,  were  originally  drilled  in  the 
surficial  aguifer  (see  Section  3.4)  at  Beach  Point  during  1986  in 
the  proximity  of  the  former  clothing  impregnating  plants.  A 
sixth  well  (CC-33B.1)  was  drilled  in  1988.  The  three  clusters 
contain  the  following  wells.  Cluster  32  consists  of  wells  CC-32A 
and  CC-32B  which  have  screened  depths  below  land  surface  of  3.2- 
4.7  and  6. 4-7. 9  m  (10.5-15.5  and  21-26  ft),  respectively.  Wells 
33A,  33B,  and  33B.1  in  cluster  33  have  screened  depths  of  3.4- 
4.9,  18.9-20.4,  and  12.5-14.0  m  (11-16,  62-67,  and  41-46  ft), 
respectively.  Well  34A,  with  a  screen  interval  of  4.3— 5.8  m  (14— 
19  ft),  is  the  only  well  in  cluster  34.  Of  the  six  monitoring 
wells  at  Beach  Point  in  the  surficial  aquifer,  four  are  shallow 
with  screen  depths  that  range  from  3. 2-7. 9  m  (10.5-26  ft),  one 
well  (CC-33B.1)  is  intermediate  with  a  screen  depth  of  12.5-14.0 
m  (41-46  ft) ,  and  one  well  (CC-33)  is  deep  with  a  screen  depth  of 
18.9-20.4  m  (62-67  ft). 

Chemical  monitoring  (inorganic  and  organic  constituents)  by 
uses  during  1988  confirmed  that  hazardous  chemicals  from  prior 
activities  were  present  in  the  groundwater  (Lorah  and  Vroblesky , 
1989  and  Lorah  and  Clark,  1992) .  Several  inorganic  constituents 
exceeded  Federal  drinking  water  standards;  the  highest 
concentrations  were  found  in  the  deep  well  (CC-33B) .  Several 
heavy  metals  were  also  found  in  the  wells.  The  highest 
concentrations  were  generally  found  in  wells  CC-33B  and  CC-33B.1; 
the  concentrations  of  heavy  metals  in  wells  CC-33B  and  CC-33B.1. 
were  similar.  A  number  of  volatile  chlorinated  aliphatic 
compounds  were  found  in  the  groundwater  at  Beach  Point.  With  the 
exception  of  chloroform  in  well  CC— 32A  and  methylene  chloride  in 
wells  CC-33A  and  CC-33B.1,  the  highest  concentrations  of  the 
volatile  organics  were  found  in  the  deep  well  CC-33B.  Wells  CC- 
33A  and  CC-33B  only  were  studied  at  Beach  Point  during  1989.  The 
concentrations  of  heavy  metals  and  volatile  organics  were  all 
higher  in  the  deep  well  (CC-33B)  than  in  the  shallow  well  (CC- 
33A)  . 


The  chlorinated  aliphatic  organics  that  occur  at  the  lower 
depths  of  the  aquifer  may  be  present  as  a  residual  denser-than- 
water  nonaqueous  phase  liquid  (DNAPL)  (Cohen  and  Mercer,  1993; 
Knox  et  al.,  1993).  McGinnis  et  al.  (1994)  recently  found  that 
the  surficial  aquifer  at  Beach  Point  is  a  relatively  low- 
resistivity  lens  pierced  by  high  resistivity  "plumes”  that  may 
indicate  the  presence  of  DNAPLs.  Additional  chemical  data  are 
needed  from  the  high  resistivity  plumes  in  areas  other  than  well 
CC-33B  to  confirm  the  presence  of  DNAPLs. 

3 . 4  Geology 

The  geology  of  the  Canal  Creek  area  has  been  described  by 
USGS  (Oliveros  and  Vroblesky,  1989).  JEG  (1993)  has  recently 
summarized  the  geology  of  the  Beach  Point  study  site.  Briefly, 
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the  Aberdeen  Proving  Ground-Edgewood  Area  is  underlain  by  coastal 
plain  sediments  consisting  of  unconsolidated  clay,  silt,  and  sand 
layers  with  occasional  gravel  lenses.  At  Beach  Point  the 
surficial  sediments  consist  of  a  clayey  soil  to  a  depth  of  ~1.2  m 
(4  ft),  underlain  by  «18.2  m  («60  ft)  of  fine-  to  medivim-grained, 
well-sorted  sand,  interf ingered  with  thin  lenses  of  clay  and 
silty  sand  and  sometimes  containing  coarse  sand  and  gravel  layers 
(Oliveros  and  Vroblesky,  1989) .  The  surficial  unit,  which 
appears  to  be  part  of  the  Potomac  Group,  is  underlain  by  a  clay 
layer  called  the  upper  confining  unit.  According  to  JEG  (1993) , 
the  upper  confining  unit,  which  has  a  thickness  of  »27  m  (88  ft) , 
does  not  appear  to  have  been  penetrated  at  Beach  Point.  Thus,  it 
is  unlikely  that  the  Canal  Creek  Aquifer  below  the  upper 
confining  unit  has  been  contaminated  by  activities  at  Beach 
Point.  The  Beach  Point  surficial  sediments  and  clay  upper 
confining  unit  appear  to  dip  gently  («15  m/mile;  50  ft/mile)  to 
the  southeast. 

3.5  Groundwater  Hydrology 

Groundwater  at  Beach  Point  is  encountered  at  shallow  depths 
from  less  than  4  m  (13  ft)  to  about  4.9  m  (16  ft)  below  ground 
surface  in  most  areas  under  unconfined  conditions  (JEG,  1993). 

The  surficial  aquifer  at  Beach  Point  appears  to  be  an  isolated 
part  of  the  surficial  aquifer  identified  throughout  the  Canal 
Creek  area  by  Oliveros  and  Vroblesky  (1989) .  The  surficial 
aquifer  is  hydraulically  interconnected  to  Kings  Creek,  Bush 
River,  and  associated  wetlands.  Limited  studies  by  USGS  in  1988 
and  1989  showed  that  the  surficial  aquifer  was  tidally  influenced 
(Oliveros  and  Vroblesky,  1989) .  Quarterly  groundwater  elevation 
monitoring  by  USGS  in  wells  installed  at  Beach  Point  showed  that 
relatively  constant  water  levels  (within  tidal  variations) 
occurred  over  the  year,  with  little  seasonal  variation 
(Oliveros  and  Vroblesky,  1989) .  According  to  JEG  (1993) ,  this 
indicates  that  the  surficial  aquifer  at  Beach  Point  is  more 
strongly  influenced  by  tidal  conditions  than  by  recharge  from 
infiltrating  precipitation. 

A  recent  study  of  the  six  monitoring  wells  described  in 
Section  3.3  above  for  Beach  Point  confirmed  that  the  groundwater 
is  tidally  influenced  (K-V  Associates,  Inc.,  1994).  The  study 
showed  that  all  wells  exhibited  tidal  influence.  There  were 
varying  amounts  of  tidal  influence  including  both  horizontal  and 
vertical  components  in  the  groundwater.  Wells  with  shallower 
screens  (CC-32A,  CC-33A,  and  CC-34A)  exhibited  smaller 
fluctuations  relative  to  deeper  wells  with  a  more  permeable 
stratum  (CC-32B,  CC-33B,  and  CC-33B.1).  Groundwater  flow 
directions  and  rates  were  also  substantially  influenced  by  tidal 
stage.  The  predominant  direction  of  horizontal  flow  was  to  the 
northeast . 
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3.6  Surface  Water  Hydrology 

essentSfy'r&af  em'SIsSated  luih  R?var.  As 

discussed  by  JEG  (1993),  flow  from  the 

Tna^niv  ac;  PL  result  of  tidal  flushing.  Net  aa^ecrive  riow 
resulting  from  the  «team  gradient  |P||“f3'=?h^®ugh";SSerous 
Ssiliar^''SrSL'”anS  wetlands.  The  tidal  range  £“  ‘he  “eek 

-  dUn.  the 

creek  is  <3  m  (10  ft) . 

...  .’Js.K.Srsi  ;.s‘s*:n:.“';s  s  0  '' 

*W9f?™  2un!iy  iTtL^l^t/in  the  vicinity 
Sf  Beach  Point' can  va^  considerably  on  a  seasonal  basis,  t  e 
average  is  ^3  ppt  (Pritchard,  1976) • 

£  “%K  .“h-“ 

n.“?rTO“s.‘^  A  «  ir  ~ 

tide  level  At  the  time  of  maximum  tidal  velocity  at  the  _ 

entrance,  the^  discharge  torough^e^^^^^ 

include  Otter  Point  Creek,  Roderick  and  Kings  Creek.  T  e 

drainage  of  the  Bush  River  is  «29.5  x  10  g  ®f  y  -i 

resulting  in  a  mean  annual  runoff  of  the  order  of  3.68  m  sec 
nao  fi^  scJi)  (Carter,  1976).  Thus,  waters  in  the  Bush  are 
derived  mainly  from  the  adjacent  Chesapeake  Bay. 
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SECTION  4 


MATERIALS  AND  METHODS 


4 . 1  Biomonitoring  Evaluation 

Groundwater  was  withdrawn  from  well  CC-33B  (Harford  County 
Permit  No.  HA-81-4049)  which  is  the  most  highly 

at  Beach  Point  (Section  3.3).  The  well  is  21.3  m  deep  (70  feet ^ 
and  has  a  screened  interval  of  18.0-20.4  m  (62-67  f^) .The  well 

pump  intake  was  located  at  19.8  m  (65  feet).  L%in  (2 

pumped  continuously  from  the  well  at  a  rate  of  ~7.5  L/mi  ( 

gal/min) . 

several  components  of  the  biomonitoring  study  were  conducted 
on-site  (see  below)  in  an  aquatic  biomonitoring  trailer  yith 
Siolssay  capabilities  similar  to  a  USABRDL  trailer  described  by 
HAT-riott  and  Burton  (1992)  .  Groundwater  and  dilution  water  (APG 
po?Sirwa?“r?  Sere  Lpplied  to  the  trailer  via  polyethylene 
pipe.  The  dilution  water  was  charcoal  filtered  and  aerated 
before  use.  Excess  groundwater  and  diluent  water  from  the 
trailer  were  collected,  treated  via  charcoal,  and  pumped  to  the 
APG-EA  Wastewater  Treatment  Plant  for  further  treatment. 

An  array  of  biomonitoring  systems  were  evaluated  during  the 
9-month  study.  The  biomonitoring  systems  included  a  number  of 
endpoints.  A  summary  of  the  biomonitoring  ^f^°CC-33B  was 

given  in  Table  1.  The  pH  of  the  nH  4 

4  (±  0.1);  thus,  many  of  the  assays  were  conducted  at  both  pH  4 

and  pH  7.  The  toxicity  at  pH  7  was  studied  so  that  the  data 
could  ultimately  be  used  in  a  hazard  assessment  of  the 
groundwater  as  it  enters  the  Bush  River  which  generally  has  a  pH 

in  the  low  neutral  range. 

The  experimental  procedures  and  frequency  of. each  assay  are 
described  in  detail  below.  The  following  is  a  brief  description 
of  the  tier  of  biomonitoring  systems  employed  in  the  evaluation. 
Acute  toxicity  of  the  groundwater  was  evaluated  three  times  each 
SSS  usiiS^ihe  5-  and  15-min  Microtox*  assay  which  uses  miorcbaal 
( Photobacterium  phosohoreum)  bioluminescent  activity. 
addition  to  providing  rapid  toxicity  data,  ^^®  ^®f^ 
conducted  to  monitor  the  toxicity  of  the  groundwater  over  time. 

A  rapid  24-h  rotifer  reranchious  rubens)  test  was  conducted  to 
determine  acute  toxicity.  The  rotifer  bioassay  was  conducted 
four  times  on  a  bimonthly  basis  xiuring  the  course  of  the  jtudy  at 
a  pH  of  4  and  7.  Acute  toxicity  data  were  also  obtained  for  the 
algal,  invertebrate,  and  fish  used  in  the  short-tera  toxicity 
tests  described  in  Section  4.1.2  below.  An  acute  toxicity  test 
was  also  conducted  with  the  Japanese  medaka  (Oryzias  iatipes) . 
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:y  of  the  biomonitoring  tests  conducted 
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The  following  4-  to  7-d  short-term  toxicity  tests,  which 
were  used  to  estimate  chronic  toxicity,  were  performed  on  a 
bimonthly  basis:  96-h  algal  fSelenastrum  caoricornutum)  growth 
test;  7-d  cladoceran  fCeriodaohnia  dubial  survival  and  growth 
test;  and  7-d  fathead  minnow  fPimephales  promelas)  survival  and 
growth  test.  Four  bimonthly  tests  were  conducted  with  each 
species  at  pH  4  and  pH  7.  In  addition  to  the  short-term  methods 
used  to  estimate  chronic  toxicity,  growth  data  at  6  and  9  months 
from  the  chronic  Japanese  medaka  histopathology  test  described 
below  were  also  used  as  chronic  toxicity  endpoints. 

Gene  mutation  potential  was  determined  using  the  Ames 
Salmonella/mammalian-microsome  reverse  assay.  Primary  DNA  damage 
was  evaluated  by  the  sister  chromatid  exchange  (SCE)  assay. 
Developmental  toxicity  was  determined  by  the  96-h  frog  embryo 
teratogenesis  assay-Xenopus  (FETAX)  using  the  African  clawed 
frog,  Xenopus  laeyis.  Genotoxicity  and  developmental  toxicity 
assays  were  conducted  at  bimonthly  intervals  during  the  same 
periods  as  the  above  acute  and  short-term  chronic  tests  were 
conducted.  Chronic  histopathological  changes  were  evaluated 
using  the  Japanese  medaka  as  the  experimental  model.  Both 
unexposed  and  fry  exposed  to  diethynitrosamine  (DEN)  were  exposed 
continuously  under  flow-through  test  conditions  for  6-  and  9- 
month  exposure  periods. 

Comprehensive  chemical  analyses  of  the  raw  groundwater,  test 
dilutions  in  the  chronic  histopathology  assay,  and  diluent  water 
were  performed  four  times  at  bimonthly  intervals.  The  chemical 
analyses  were  conducted  during  the  same  periods  that  the  above 
bimonthly  assays  were  conducted.  Routine  water  quality  analyses 
were  also  conducted  at  various  frequencies  on  a  weekly  basis. 

4.1.1  Acute  Toxicity  Tests 

4 . 1 . 1 . 1  Microtox® 

The  Microtox®  test  (Microbics  Corp.,  Carlsbad,  CA)  is  a 
rapid  acute  toxicity  test  that  may  be  completed  in  less  than  one 
hour.  The  test  is  based  on  the  reduction  in  bioluminescence  of 
the  marine  bacteritm  P.  phosphoreum  when  exposed  to  a  sample  of 
unknown  toxicity.  The  degree  of  light  reduction,  an  indication 
of  metabolic  inhibition  in  the  test  preparation,  indicates  the 
degree  of  toxicity  of  the  sample.  The  Microtox®  test  procedures 
followed  were  those  outlined  in-Herriott  and  Burton  (1992)  which 
were  derived  from  Microtox® 's  operating  manual  (Microtox®,  1988). 
A  Microtox®  Model  500  Analyzer  with  PC  version  6.3  software  was 
used  for  both  a  5-min  and  15-min  test  on  all  samples. 

Microtox®  assays  were  initiated  on  April  2,  1993.  The 
assays  were  conducted  on-site  three  times  a  week  until  the 
biomonitoring  study  was  completed  on  December  6,  1993.  Both  5- 
and  15-min  assays  were  conducted  on  100,  10,  and  1%  groundwater 
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by  volume  samples  as  well  as  APG—EA  diluent  water.  The  10  and  1% 
groundwater  by  volume  samples  were  taken  from  the  chronic 
histopathology  study  tanks  as  described  below  in  Section  4.1.5. 

A  5-  and  15-min  assay  was  conducted  once  each  week  on  100% 
groundwater  adjusted  to  pH  7  with  10  N  NaOH. 

4. 1.1. 2  Rotifer 

The  24“h  freshwater  rotifer  Toxkit™  screening  test  (Bio- 
Response  Systems,  Halifax,  Nova  Scotia)  was  used  to  determine  the 
potential  toxicity  of  the  groundwater  at  pH  4  and  7  (groundwater 
buffered  with  10  N  NaOH).  pH-adjusted  aliquots  of  the  same 
groundwater  used  for  the  short-term  chronic  toxicity  tests  were 
used  for  the  rotifer  assays  (see  Section  4.1.2).  The  test 
utilized  newly  hatched  rotifers  (B.  rubens)  <4  h  old.  The 
rotifers  used  in  the  tests  were  hatched  from  cysts  supplied  in 
the  Rotifer  ToxKit™.  Rotifer  ToxKit™  synthetic  medium  was  used 
to  hatch  the  cysts,  rear  the  organisms  before  testing,  and  as 
diluent  media  for  the  tests.  The  static  tests  were  conducted  in 
glass  Petri  dishes  containing  10  mL  of  test  solution. 

The  groundwater,  which  was  used  within  6  h  from  the  time  of 
collection  for  the  rotifer  bioassays,  was  held  in  glass 
containers  at  4°C  until  used  in  the  tests.  A  geometric  series  of 
five  groundwater  concentrations  (plus  controls)  was  used.  Three 
replicates  of  10  organisms  each  were  used  at  each  test 
concentration.  All  tests  were  conducted  at  25  ±  0.5°C.  Routine 
water  quality  (alkalinity,  conductivity,  DO,  hardness,  pH,  and 
temperature)  was  measured  at  the  beginning  and  end  of  each  test. 
The  methods  used  for  the  chemical  analyses  are  given  in  Section 
4. 1.6. 2.  All  tests  were  conducted  under  a  16-h  light; 8 -h  dark 
photoperiod  (fluorescent  lights  at  60-85  foot  candles) . 

4. 1.1. 3  Green  Alga,  Cladoceran,  Fathead  Minnow,  and 
Japanese  Medaka 

Acute  toxicity  values  were  calculated  where  possible  at  pH  4 
and  7  for  the  green  alga,  cladoceran,  and  fathead  minnow  from  the 
data  obtained  during  the  short-term  chronic  tests  described  in 
Section  4.1.2.  With  regard  to  the  green  alga,  EPA's  Office  of 
Research  and  Development  considers  the  96-h  algal  test  for  growth 
to  be  a  short-term  chronic  test  for  determining  the  toxicity  of 
effluents  (Horning  and  Weber,  1985;  Weber  et  al.,  1989)  as  do 
other  investigators  for  evaluating  single  chemicals  (for  ex.,  see 
Hughes  et  al.,  1988  and  Suter,  1993).  EPA's  Toxic  Substance 
Control  Act  office  considers  the  96— h  test  to  be  an  acute  test 
(U.S.  EPA,  1985a  and  1986a) .  Because  we  used  the  short-term 
chronic  method  (Section  4. 1.2.1),  we  analyzed  the  data  as  chronic 
data;  however,  we  also  analyzed  and  reported  the  results  as  96-h 
acute  data  so  that  acute; chronic  ratios  could  be  calculated  for 
use  in  the  hazard  assessment  (Section  4.2). 


Forty-eight-h  LC50s  and  96-h  LC50s  were  determined  where 
possible  for  the  cladoceran  and  fathead  minnow,  respectively. 

One  96-h  acute  toxicity  test  was  conducted  with  the  Japanese 
medaka  using  the  procedure  of  Weber  (1991).  The  age  of  the 
Japanese  medaka  used  in  the  test  was  22  d  old  at  the  start  of  the 
exposure;  the  test  procedure  recommends  fish  between  the. ages  of 
1-14  d  old  be  used. 

4.1.2  Short-term  Chronic  Toxicity  Tests 

The  specific  test  methods  for  the  short-term  chronic  tests 
are  given  below.  Deviations  from  the  test  methods  are  discussed 
where  appropriate.  A  geometric  series  of  five  groundwater 
concentrations  (plus  controls)  was  used  in  most  tests.  The 
groundwater  samples  used  in  all  tests  were  obtained  daily  and 
used  within  6  h  at  each  24-h  renewal  (see  below) .  All 
groundwater  samples  were  transported  in  glass  containers  on  ice 
and  held  at  4*C  until  used  for  the  tests.  Each  groundwater 
sample  was  split  into  two  aliquots.  One  aliquot  was  maintained 
at  pH  4  and  the  second  buffered  to  pH  7  (10  N  NaOH) .  All 
bimonthly  short-term  chronic  bioassays  were  conducted  at  pH  4  and 
7.  The  same  pH-adjusted  aliquots  were  also  used  for  the  rotifer 
bioassays  (Section  4. 1.1. 2)  and  FETAX  assays  (4.1.4).  The 
bioassays  were  conducted  at  the  University  of  Maryland  Wye 
Research  and  Education  Center  (UMD/WREC)  Aquatic  Toxicology 
Laboratory. 


4. 1.2.1  Green  Alga 

The  short-term  chronic  toxicity  of  the  groundwater  to  the 
green  alga  (S.  capricornutum)  at  pH  4  and  7  (10  N  NaOH)  was 
determined  four  times  by  the  EPA  procedures  given  in  Weber  et  al. 
(1989) .  A  starter  culture  of  S.  capricornutum  was  obtained  from 
the  culture  collection  at  the  University  of  North  Texas,  Denton, 
TX.  Stock  algal  cultures  were  reared  in  2.5  L  Pyrex  culture 
flasks  containing  1  L  of  sterilized  double  strength  "AAP”  algal 
assay  medium,  with  sufficient  P  added  to  achieve  a  20:1  N;P  ratio 
as  described  in  Miller  et  al.  (1978).  Cultures  were  maintained 
in  a  constant  temperature  incubator  under  constant  cool-white 
fluorescent  lights  («300  foot  candles)  at  a  temperature  of  25  ± 
0.2*C  on  a  shaker  table  oscillating  at  100  rpm  (±  10  %) .  Log 
growth  cells  were  used  to  start'  all  tests. 

Algal  test  solutions  were  prepared  by  dilution  of  the 
groiindwater  with  filtered  sterilized  assay  media.  Test  solutions 
(100  mL  total  volume)  were  dispensed  into  250  mL  Delong  flasks 
and  inoculated  with  S.  capricornutum  cells  in  log  growth  to 
achieve  a  density  of  «l  x  10^  cells/mL.  Triplicates  were 
prepared  for  each  treatment.  The  flasks  were  placed  on  a  shaker 
table  in  an  incxibator  set  at  the  culturing  conditions  described 
above.  Growth  measurements  (cell  density)  were  made  from  all 
replicates  in  each  treatment  at  0,  24,  48,  72,  and  96  h.  Algal 
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cell  density  was  determined  from  a  1  mL  sample  with  a  Model  ZBI 
Coulter  Counter  (Coulter  Electronics,  Inc.,  Hialeah,  FL) .  The 
instrument  was  calibrated  with  each  use  via  hemocytometer  counts. 
Test  solutions  were  not  renewed  during  the  96-h  studies. 

4. 1.2.2  Cladoceran 

The  chronic  toxicity  of  the  groundwater  at  pH  4  and  7  to  C. 
dubia  was  determined  four  times  by  the  EPA  static  renewal  method 
(solutions  renewed  daily)  given  in  Weber  et  al.  (1989) .  The 
cladoceran  was  cultured  at  25  ±  I'C  in  600  mL  glass  beakers 
filled  with  400  mL  of  20%  Perrier: 80%  reverse  osmosis  water 
amended  with  selenium  (2  /ig  Se/L  as  Na2Se03)  as  recommended  by 
Winner  (1989) .  The  diet  consisted  of  a  mixture  of  Cerophyl 
(Cerophyl  Laboratories,  Inc.,  Kansas  City,  MO)  and  the  green 
alga,  S.  caor icornutum .  added  to  the  cladoceran  culture  to 
achieve  final  concentrations  of  120  fig  Cerophyl*/mL  and  6.7  x  10 
S.  canricornutum  cells/mL.  Starter  cultures  of  C.  dubia  were^ 
obtained  from  the  Center  for  Lake  Superior  Environmental  Studies, 
University  of  Wisconsin  -  Superior. 

All  neonates  used  in  the  7-d  survival  and  reproduction  tests 
were  produced  by  cladocerans  ...in  culture  that  had  released  at 
least  three  broods.  The  initial  age  of  the  neonates  in  each  test 
was  <12  h  old.  The  tests  were  conducted  in  50  mL  glass  beakers 
containing  30  mL  of  test  solution.  All  tests  were  conducted  in 
an  environmental  chamber  at  25  ±  1*C  under  a  16-h  light: 8-h  dark 
photoperiod  (fluorescent  lights;  60—85  foot  candles  at  the 
surface  of  the  culture  vessels).  All  test  organisms ^ were  fed 
daily  as  described  above  at  each  24-h  renewal.  Routine  water 
quality  was  taken  at  the  beginning  and  end  of  each  24— h  renewal. 
The  methods  used  for  the  chemical  analyses  are  discussed  in 
Section  4. 1.6. 2. 

4 . 1 . 2 . 3  Fathead  Minnow 

The  toxicity  of  the  groundwater  at  pH  4  and  7  to  fathead 
minnows  (P.  gromelas)  was  determined  four  times  by  the  EPA  static 
renewal  method  (solutions  renewed  daily)  given  in  Weber  et  al. 
(1989) .  All  larvae  used  in  the  7-d  survival  and  growth  tests 
were  <24  h  old  at  the  start  of  the  test.  The  tests  were 
conducted  in  600  mL  glass  beakers  containing  400  mL  of  test 
solution.  The  dilution  water  was  a  20%  Perrier: 80%  reverse 
osmosis  water.  All  test  organisms  were  fed  brine  shrimp  (Artemi a 
sp.)  nauplii  <24  h  old  daily  at  each  24-h  renewal.  All  tests 
were  conducted  at  25  ±  1*C  under  a  16— h  light: 8— h  dark 
photoperiod  (fluorescent  lights;  60-85  foot  candles) .  Routine 
water  chemistry  was  performed  at  the  beginning  and  end  of  each 
renewal.  Dry  weight  was  determined  by  drying  at  100 *C  for  a 
minimxim  of  12  h.. 
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Fathead  minnow  larvae  were  obtained  from  the  UMD/WREC 
culture  maintained  at  25  ±  1*C  in  UMD/WREC  non-chlorinated  well 
water  (mean  dissolved  oxygen  =  8.2;  pH  =  7.8;  conductivity  —  161 
/is/cm;  alkalinity  =  53  mg/L  as  CaCOj;  hardness  —  52  mg/L  as 
CaCO,) .  The  UMD/WREC  culture  procedures  were  similar  to  those 
recommended  by  Peltier  and  Weber  (1985) .  The  IMD/WREC  culture 
was  initiated  with  mature  fathead  minnows  obtained  from  the  U.S. 
EPA  Environmental  Monitoring  and  Support  Laboratory  -  Cincinnati, 
Ohio. 


Spawning  fish  were  cultured  in  fiberglass  tanks  (2.4  x  0.8  x 
0.5  m)  containing  0.2  m  UMD/WREC  well  water  held  at  25  ±  1"C. 

The  spawning  adults  were  fed  a  diet  of  frozen  brine  shrimp 
f Artemi a  sp. ;  Argent  Chem.  Lab. ,  Redmond,  WA)  and  TetraMin 
Staple  Food  (Ramfab  Aquarium  Products  Co. ,  Oak  Ridge,  TN)  twice 
daily.  Excess  food  was  removed  daily.  Four  sets  of  spawning 
fathead  minnows  were  maintained  in  the  culture  tanks  at  a  ratio 
of  1  male: 4  females.  Replacement  spawners  were  rotated  at 
approximately  3 -month  intervals.  Fathead  minnow  embryos  were 
collected  on  spawning  substrates  (10  cm  I.D.  x  20  cm  long  PVC 
pipe  sections  cut  longitudinally  in  equal  portions)  and 
transferred  to  19  L  aquaria  at  25  ±  1*C  in  UMD/WREC  well  water 
for  hatching.  All  stages  of  the  fish  were  reared  under  a  16-h 
light: 8-h  dark  photoperiod  (fluorescent  lights;  60-85  foot 
candles) . 


4.1.3  Genotoxicity  Tests 

4. 1.3.1  Gene  Mutation  Assay 

The  Ames  assay  was  used  to  predict  chemical  mutagenic 
activity  which  in  turn  may  serve  as  a  carcinogen  prescreen  test 
(Ames  et  al.,  1973).  Salmonella  tvphimurium/mammalian-microsome 
i^everse  mutation  assays  were  conducted  four  times  on  the 
groundwater  and  APG  diluent  water  samples  described  below.  The 
assays  were  conducted  on  both  unconcentrated  and  concentrated 
(lOX  via  XAD-2  resin  extracts)  samples  of  the  groundwater  and 
diluent  water.  The  Ames  mutagenicity  assays  were  conducted  by 
Hazleton  Washington,  Inc. ,  Vienna,  VA. 

Grab  samples  of  groundwater  were  collected  in  polypropylene 
containers  as  follows.  Raw  groundwater  was  taken  directly  from 
the  well  fed  line  to  the  biomonitoring  laboratory.  Groundwater 
samples  of  10  and  1%  groundwater  by  volume  were  taken  as 
composite  samples  from  the  chronic  histopathology  fish  tanks 
described  in  Section  4.1.5.  Grab  samples  of  APG— EA  diluent  water 
were  taken  from  a  large  polypropylene  tank  with  a  99%  particle 
replacement  time  of  »12  h.  Thirty-one  liters  (1  L  for  an 
unconcentrated  sample  and  30  L  for  a  lOX  sample)  of  each  material 
were  siphoned  into  Nalgene  polycarbonate  carboys,  packed  in  ice, 
and  transported  to  Hazleton  Washington,  inc.  in  insulated 
containers.  The  unconcentrated  samples  were  analyzed  by  Hazleton 
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Washington,  Inc.  Protocol  No.  HLA  Protocol  401W,  Edition  17. 
concentrated  (lOX)  samples  were  analyzed  by  Protocol  No.  HLA 
Protocol  401X,  Edition  18. 

Detailed  experimental  procedures  for  the  unconcentrated  and 
lOX  tests  are  given  in  the  protocols  listed  above .  Brief ly ,  e 

mutagenicity  assays  evaluated  the  groundwater  and  diluent  water 
samples  for  their  ability  to  induce  reverse  mutations  at  the 
histidine  locus  in  the  genome  of  specific  S.  typhimurium  tester 
strains  both  in  the  presence  and  absence  of  an  exogenous 
metabolic  activation  system  of  mammalian  _ 

derived  from  Aroclor  1254-induced  rat  liver.  The  tester  strains 
used  in  the  assays  were  TA98  and  TAIOO.  The  assays  were 
conducted  using  two  plates  per  dose  level  in  the  presence  of 
microsomal  enzymes.  Six  dose  levels  of  the  groundwater  and 
diluent  water  samples  were  tested  in  both  the  presence  and 
absence  of  S9  along  with  appropriate  vehicle  controls  (three 
plates  per  dose),  negative  controls,  and  positive  controls. 

Resin  controls  were  also  run  for  the  lOX  samples.  The  doses 
tested  in  the  lOX  assays  varied  based  on  the  amount  of 
extractable  organics  recovered  from  the  test  material. 

4. 1.3. 2  Sister  Chromatid  Exchange  Assay 

The  sister  chromatid  exchange  (SCE)  assay  was  used  as  a  test 
for  possible  genetic  damage  induced  by  chemical  mutagens  (Perry 
and  Evans,  1975).  We  are  aware  that  many  mutagens  are  active  in 
SCE  assays,  yet,  it  is  still  incompletely  understood  how  DN 
damage  or  perturbations  of  DNA  synthesis  give  rise  to  SCE 
(Hoffman,  1991) .  The  assay  was  performed  once  on  concentrated 
samples  (»50,000X)  of  100%  raw  groundwater,  10%  groundwater  by 
volxome,  and  APG-EA  diluent  water.  One  assay  was  also  conducted 
on  unconcentrated  100%  groundwater.  The  SCE  assays  were 
conducted  by  Hazleton  Washington,  Inc. ,  Vienna,  VA. 

Grab  samples  of  groundwater  were  collected  in  polypropylene 
containers  as  follows.  The  100%  groundwater  samples  were  taken 
directly  from  the  well  fed  line  to  the  biomonitoring  laboratory. 
The  10%  groundwater  by  volume  sample  was  taken  as  a  composite 
sample  from  the  chronic  histopathology  fish  tanks  described 
below.  A  grab  sample  of  APG-EA  diluent  water  was  taken  from  a 
large  polypropylene  tank  with  a  99%  particle  replacement  time  of 
«12  h.^  Thirty  liters  were  siphoned  into  Nalgene  polycarbonate 
carboys,  packed  in  ice,  and  transported  to  Hazleton  Washington, 
Inc.  in  insulated  containers.  The  samples  were  assayed  by  _ 
Hazleton  Washington,  Inc.  using  their  Genetics  Protocol  No.  438, 

Edition  15 . 

The  experimental  procedures  for  the  SCE  assay  are  given  in 
the  protocol  listed  above.  Briefly,  30  L  of  f 

concentrated  in  DMSO  to  a  final  volume  of  6  mL  (~50,000X)  by 
rotoevaporation.  The  unconcentrated  100%  groundwater  sample  was 
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not  concentrated  by  rotoevaporation .  The  extract  was  evaluated 
for  its  ability  to  induce  sister  chromatid  exchanges  (determined 
at  metaphase)  in  Chinese  hamster  ovary  (CHO)  cells  in  the 
presence  and  absence  of  an  exogenous  metabolic  activation  system 
of  mammalian  microsomal  enzymes  derived  from  Aroclor  1254-induced 
rat  liver.  The  SCE  assays  were  conducted  by  exposing  cultured 
cells  to  the  test  extract,  growing  the  cells  with  the  thymidine 
analog  of  5-bromo-2 ' -deoxyuridine  for  about  two  cell  cycles,  and 
making  chromosome  preparations  that  were  Giemsa-stained  for  SCE. 
The  doses  tested  were  selected  based  on  the  amount  of  extractable 
organics  recovered  from  the  test  article.  Single  cultures  of  CHO 
cells  were  incubated  with  five  concentrations  of  the  extract  with 
and  without  metabolic  activation.  Sister  chromatid  exchange 
frequencies  were  analyzed  in  the  cultures  treated  with  the  two 
highest  doses  with  second  generation  cells  and  from  solvent  and 
positive  control  cultures. 

4.1.4  Developmental  Toxicity  Test 

Four  bimonthly  developmental  toxicity  tests  were  conducted 
at  pH  4  and  7  using  the  frog  embryo  teratogenesis  assay  -  Xenopus 
(FETAX) .  The  assay  is  a  96-h  quantitative  developmental  assay 
used  to  screen  for  developmental  toxicants  in  aquatic  media.  The 
assays  were  conducted  using  the  static  renewal  (solutions  renewed 
every  24  h)  test  method  Designation  E  1439-91  of  the  American 
Society  for  Testing  and  Materials  (ASTM,  1992a) .  Embryolethality 
and  malformations  were  determined;  growth  retardation  was  not 
evaluated.  The  identification  and  interpretation  of 
malformations  in  the  embryos  at  96  h  were  made  via  the  atlas  of 
Bantle  et  al.  (1991).  Aliquots  of  the  same  groundwater  used  for 
the  rotifer,  algal,  and  short-term  chronic  toxicity  biomonitoring 
tests  were  used  for  the  FETAX  assays  (Section  4.1.2). 

Embryos  between  normal  stage  8  blastulae  and  normal  stage  11 
gastrulae  were  obtained  from  X.  laevis  breeding  colonies  at  the 
UMD/WREC  as  described  below.  The  embryos  were  de-jellied  in  a  2% 
L-cysteine  solution  (2  g  of  L-cysteine  per  98  mL  of  FETAX 
solution) .  Once  de-jellied,  the  embryos  were  rinsed  and  re¬ 
suspended  in  FETAX  solution  (ASTM,  1992a) .  The  embryos  were 
tested  in  glass  petri  dishes  containing  10  mL  of  solution.  Two 
replicates  of  25  embryos/replicate  were  used  for  each  test 
treatment.  As  required  by  the  study  protocol,  four  replicates  of 
25  embryos/replicate  were  used  for  the  control  treatment.  The 
tests  were  conducted  at  24  ±  0.2*C  under  a  16-h  light:  8-h  dark 
photoperiod  (fluorescent  lights;  «75  foot  candles  at  the  surface 
of  the  test  medium)  in  a  constant  temperature  environmental 
chamber. 

The  UMD/WREC  X.  laevis  adult  colony  was  maintained  in  flow¬ 
through  (»4  replacement  volumes  per  day)  circular  polyethylene 
aquaria  (0.91  m  I.D.  x  0.36  m  high)  with  a  water  depth  of  10  cm. 
Each  aquarium  contained  a  maximum  of  10  adults.  UMD/WREC  non- 
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chlorinated  deep  well  water  (water 

A  1  9  T  ^  held  at  23.5  ±  0.5  °C  served  as  the  culture  rneaium. 

U;=t;SgTi"Sd  ssrfi!“n"^o„ic 

gonadotropi^  (HCG)  in  the  dorsal  lymph  sac  of  ^^^f^^^^y^cting 
females  resoectivelv.  Amplexus  occurred  4-6  h  after  in^ecring 
HCG-  egg  deposition  occurred  9-12  hours  following  HCG  infection. 
The 'original  breeding  stock  was  obtained  from  Xenopus  I  (Ann 

Arbor,  MI) . 

4.1.5  Chronic  Histopathology  and  Growth  Test 

Chronic  histopathologic  changes 
Japanese  medaka  (2-  latipes.)  as  the  ”°‘*®creening 

Sn:e“oUulan?fihicUly°SdScehistopatholo^ 

Changes  -d^neoplasjs^Cf-  ex. ,  s-  Hawkins^et  al.,  19  .  ^9 

for.  n::?h  or  ■ . 

Sglnism^  SL  ?aken  after  6  months  of  exposure  “°|Phometrro 

measurements  and  histopathologioal  evaluation.  The  nSABRDL  test 
designation  was  Protocol  No.  401-001R. 

The  fish  were  exposed  to  one  of  three  treatments;  10% 
oroundwater  bv  volume,  1%  groundwater  by  volume,  or  APG  EA 
luuenrwaler^coittol) .  I  100%  groundwater  treatoent  could  not 
V.O  n<=<afi  hpcause  the  oH  of  the  groundwater  was  4  (±0.1)  whicn 
SluJfLve  caused  exLssive  mortality  °ver  the  9-month  exposure 
period.  Consideration  was  given  to  buffering  the  100% 
aroundwater  to  pH  7  and  conducting  the  100%  treatment  at  pH  7. 
However,  a  preliminary  evaluation  of  the  bo«ered  groundwater  a 
dH  7  Showed  that  excessive  precipitation  of  metals  occur rea. 

Thus,  100%  groundwater  was  not  buffered  to  pH  7  an  use  a 
experimental  treatment . 

The  flow-through  test  solutions  were  delivered  by  a 
«?oienoid-activated  proportional  dilutor  system  which  was 

SSsH&ffl "s  SS 

twelve  19  L  (5  gal)  glass  aquaria  (4  aquaria  at  10%  groun^auer  ^ 
by  volume!  4  at  1%  groundwater  by  volme;  and  4  “J“ol  aqu 
each  aquarium  contained  a  volume  of  water 

d=  :a?^r^^4a^S  1-  y^^-eived  300 

±  15  mL  of  10%  groundwater  by  volume,  and  tanks  9-12  each 


31 


received  300  ±  15  mL  of  1%  groundwater  by  volxome. 

Both  unexposed  fry  and  fry  exposed  to  DEN,  were  reared  off¬ 
site  at  USABRDL  until  17  d  old.  The  DEN- initiated  fish  were 
exposed  to  10  mg/L  DEN  for  48  h  when  the  organisms  were  12  to  14- 
d  old.  Prior  to  the  start  of  the  exposure  to  groundwater,  the 
17-d  old  fish  were  randomized  into  6  groups  of  60  fish/group  for 
both  the  unexposed  and  DEN-initiated  groups.  The  fish  were 
suspended  in  12  1-L  mesh-bottom  glass  beakers  in  the  appropriate 
flow-through  test  aquaria  in  the  biomonitoring  laboratory.  The 
fish  were  held  in  the  beakers  for  one  week  after  which  they  were 
released  into  the  aquaria. 

Japanese  medaka,  17-22  d  old,  were  fed  microworms  two 
feedings  per  day  and  live  brine  shrimp  (Artemi a  sp.)  (<24  h  old) 
two  feedings  per  day  (30  brine  shrimp/fish) .  Pre-adult  fish,  23- 
30  d  old,  were  fed  Tetramin®  flake  food  two  feedings  per  day  and 
live  brine  shrimp  <24  h  old  (one  feeding  per  day;  40  brine  shrimp 
per  fish) .  Adult  fish,  >30  d  old,  were  fed  Tetramin®  flake  food 
(three  feedings  per  day  on  Tuesday  and  Thursday  and  two  feedings 
per  day  on  the  remaining  days)  and  live  brine  shrimp  (one  feeding 
per  day  on  Monday,  Wednesday,  and  Friday) .  The  ration  was 
adjusted  as  the  size  of  the  fish  increased.  Tanks  were  cleaned 
on  an  as  needed  basis  (usually  1-2  times  a  week)  by  scrubbing 
algae  from  the  sides  of  the  tanks,  allowing  the  debris  to  settle, 
and  then  siphoning.  Tetramin®  was  fed  ^  libitum  for  15-30  min 
during  each  feeding. 

The  number  of  test  organisms  alive  in  each  tank  were 
monitored  and  recorded  daily.  Moribund  fish  were  euthanized  and 
fixed  in  Bouin's  solution  for  subsequent  histological 
observation.  The  dilutor  cycle  time  was  calculated  and  recorded 
daily.  The  volume  of  groundwater  and  diluent  water  delivered  to 
the  aquaria  were  checked  weekly.  When  necessary,  cycle  time 
and/or  volxime  distributions  were  adjusted.  The  dilutor  was 
occasionally  shutdown  (for  no  more  than  one  hour)  and  cleaned  on 
an  as  needed  basis.  Daily  water  quality  (DO,  pH,  and 
temperature)  was  determined  in  all  aquaria.  Additional  water 
quality  tests  (alkalinity,  hardness,  conductivity,  total  residual 
chlorine,  free  available  chlorine,  and  total  ammonia-nitrogen) 
were  performed  once  a  week  in  all  aquaria  (Section  4. 1.6. 2).  A 
16-h  light :8-h  dark  photoperiod  (fluorescent  lights  at  70-100 
foot  candles)  was  maintained  throughout  the  study.  Unionized 
ammonia-nitrogen  was  determined  by  the  method  of  Thurston  et  al . 
(1979).  Comprehensive  chemical  analyses  were  performed  four 
times  at  bimonthly  intervals  as  discussed  in  Section  4. 1.6.1  on 
100,  10,  and  1%  groundwater  by  volume  and  APG-EA  diluent  water 
during  the  test  periods  shown  in  Table  1. 

On  day  180,  20  Japanese  medaka  in  each  tank  were  removed  and 
taken  back  to  USABRDL  for  fixation  (Bouin's  solution)  and 
subsequent  histological  observation.  Wet  weight  and  standard 
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length  measurements  were  taken  on  all  fish.  The  morphometric 
data  were  taken  to  assess  the  effects  of  a  chronic  6-month 
exposure  to  the  contaminated  groundwater  as  well  as  the  general 
health  of  the  fish.  On  day  278,  when  the  exposure  was  completed, 
the  remaining  Japanese  medaka  were  also  taken  back  to  USABRDL  for 
morphometric  measurements  and  subsequent  histological  analysis. 
The  histological  analyses  for  the  6-  and  9-month  exposures  were 
performed  by  Experimental  Pathology  Laboratories,  Inc.,  Herndon, 
VA. 


4.1.6  Chemical  Analyses 

4 . 1 . 6 . 1  Comprehensive  Chemical  Analyses 

Comprehensive  chemical  analyses  were  performed  four  times  at 
bimonthly  intervals  on  100,  10,  and  1%  groundwater  by  volume  and 
APG-EA  diluent  water  during  the  test  periods  shown  in  Table  1. 

The  comprehensive  chemical  analyses  included  general  water 
quality,  metals,  volatile  organics,  acid  compounds,  base/neutral 
compounds,  pesticides,  herbicides,  organophosphorus  pesticides, 
and  munitions.  The  elements  and/or  compounds  analyzed  in  each 
group  are  presented  in  the  data  tables  discussed  in  Section 
5. 1.6.1.  The  100%  groundwater  samples  were  grab  samples  taken 
directly  from  the  well  fed  to  the  biomonitoring  trailer.  The  10 
and  1%  groundwater  by  volxime  samples  were  composite  samples  taken 
from  the  four  10  and  1%  groundwater  by  volume  replicate  treatment 
tanks  in  the  chronic  histopathology  study  (Section  4.1.5).  Grab 
samples  of  APG-EA  diluent  water  were  taken  from  a  large 
polypropylene  tank  with  a  99%  particle  replacement  time  of  »12  h. 

The  groundwater  and  APG-EA  diluent  water  samples  were  placed 
in  appropriate  containers  for  various  analyses.  The  containers 
were  placed  on  ice  and  delivered  to  a  vendor  for  the  analyses. 

The  first  comprehensive  analysis  was  performed  by  Biospherics 
Inc.,  Laurel,  MD,  for  all  materials  with  the  exception  of  the 
munitions.  The  remainder  of  the  analyses  were  performed  by 
Gascoyne  Inc.,  Baltimore,  MD,  for  all  materials  with  the 
exception  of  the  munitions.  The  methods  used  for  the  analyses  of 
all  materials  are  given  in  the  data  tables  discussed  in  Section^ 
5. 1.6.1.  The  four  munitions  samples  were  analyzed  by  USABRDL  via 
in-house  procedures  (U.S.  Biomedical  Research  and  Development 
Laboratory,  1993) . 

4. 1.6.2  Routine  Water  Quality  Analyses 

Routine  water  quality  was  measured  in  all  histopathology 
treatment  tanks.  Dissolved  oxygen,  pH,  and  temperature  were 
measured  daily.  Alkalinity,  hardness,  conductivity ,  total 
residual  chlorine,  free  available  chlorine,  and  total  ammonia- 
nitrogen  were  measured  once  a  week  (all  tests  were  performed  on 
the  same  days).  Unionized  ammonia-nitrogen  was  determined  by  the 
method  of  Thurston  et  al.  (1979).  The  methods  used  for  the 
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analyses  are  presented  in  Section  5. 1.6. 2.  The  same  methods  used 
in  the  biomonitoring  trailer  were  also  used  for  the  toxicity 
studies  conducted  at  the  University  of  Maryland  Wye  Research  and 
Education  Center. 

In  addition  to  the  temperature  measurements  made  in  the 
aquaria  during  the  chronic  histopathology  test,  temperature  was 
monitored  continuously  in  Tank  No.  3  via  a  strip  chart  recorder 
(Cole-Parmer  Thermistor  Recorder  Model  No.  08354-15,  Cole-Palmer 
Instrument  Co . ,  Chicago ,  IL) . 

4.1.7  Test  Endpoints  and  Data  Analyses 

The  test  endpoint  for  the  Microtox®  5-  and  15-min  EC50s  was 
a  reduction  in  bioluminescence.  The  EC50s  and  their  95%  fiducial 
limits  were  determined  by  probit  analysis  using  the  software 
program  supplied  by  Microtox®  (Microtox®,  1988).  The  test 
endpoint  for  the  acute  effects  of  groundwater  to  the  green  alga 
was  growth,  measured  as  density  (cells/mL) .  The  96-h  EC50s  for 
growth  were  estimated  by  using  the  "inhibition  proportion'  ^ 
technique  recommended  by  Horning  and  Weber ^ (1985) .  The  technique 
uses  quantal  analyses  (e.g. ,  probit  or  moving  average  angle 
methods)  to  estimate  EC50s  and  their  95%  fiducial  or  confidence 
limits.  Since  the  assumptions  of  the  quantal  analysis  are  not 
met  in  the  classical  sense  because  of  the  very  nature  of  the 
growth  data,  the  count  data  at  each  treatment  were  averaged  and 
subsequently  converted  to  "inhibition  proportions" ^ using  the 
formula  below  before  a  moving  average  angle  analysis  was 
performed  (Stephan,  1978) . 

I=C-T/C*  100 

where:  C  =  the  mean  growth  of  the  controls 

T  =  the  mean  growth  at  a  given  treatment 

The  96-h  EC50S  and  their  95%  confidence  limits  for  embryo 
malformations  in  the  FETAX  assays  were  determined  by  the  moving 
average  angl©  method  using  an  EPA  statistical  program  (Stephan, 
1978) .  The  test  endpoint  for  all  24-h  LC50  toxicity  tests  with 
rotifers,  48-h  and  7-d  LC50  tests  with  cladocerans,  and  96-h  and 
7— (j  LC50  tests  with  fathead  minnows  was  mortality.  The  LC50s  and 
their  95%  confidence  limits  were  determined  by  the  moving  average 
angle  method  (Stephan,  1978) . 

The  test  endpoint  for  the  chronic  toxicity  of  groundwater  at 
pH  4  and  7  to  the  green  alga  was  growth  measured  as  density 
(cells/mL) .  The  no-observed-effect  concentrations  (NOEC)  and 
lowest— observed— effect  concentrations  (lOEC)  were  determined  by 
Dunnett's  test.  Dunnett's  test  consists  of  an  analysis  of 
variance  (ANOVA)  to  determine  the  error  teirm,  which  is  then  used 
in  a  multiple  comparison  test  for  comparing  each  of  the  treatment 
means  with  the  control  mean.  The  assumptions  upon  which  the  use 
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of  Dunnett's  test  are  contingent  are  that  the  observations  within 
treatments  are  independent  and  normally  distributed,  with 
homogeneity  of  variance.  The  chi-square  test  for  normality  and 
Bartlett's  test  for  homogeneity  of  variances  were  performed 
before  the  Dunnett's  test  was  used.  The  above  statistical  tests 
were  perform  using  Toxstat  (Gulley  et  al.,  1989)  at  a  minimum 
probability  level  of  0.05. 

The  endpoints  for  the  7-d  survival  and  reproduction  tests 
with  Ceriodaphnia  were  survival  and  young  production.  The 
endpoints  for  the  fathead  minnow  7-d  survival  and  growth  tests 
were  survival  and  growth.  The  endpoints  for  the  96-h  FETAX  assay 
were  survival  and  number  of  malformations.  The  statistics  used 
for  the  LC50  data  and  FETAX  EC50  (malformations)  data  are  given 
above.  NOECs  and  LOECs  were  determined  as  follows.  The  adult 
raw  cladoceran  survival  data  were  analyzed  by  Fisher's  Exact 
test.  Arc-sine  square  root  transformations  were  made  on  the 
FETAX  percent  embryo  survival  and  percent  embryo  malformation 
data  as  well  as  the  fathead  minnow  percent  survival  raw  data 
before  further  data  analyses  were  performed.  With  the  exception 
of  the  cladoceran  survival  data,  all  data  were  then  subjected  to 
a  chi-square  test  of  normality  and  Bartlett's  test  for 
homogeneity  of  variance. 

When  the  data  sets  met  the  assumptions  of  normality  and 
homogeneity  of  variance,  a  parametric  statistic  was  used. 
Dunnett's  test  was  used  when  the  number  of  replicates  was 
constant  among  treatments.  A  t— test  with  Bonferroni  adjustment 
of  error  rate  was  performed  when  the  number  of  replicates  was  not 
constant  among  treatments.  When  a  data  set  failed  to  meet  the 
assumptions  of  normality  or  homogeneity  of  variance,  a 
nonparametric  statistic  was  used.  Steel's  Many-One  Rank  test  was 
performed  when  equal  number  of  replicates  were  used.  The 
statistical  tests  were  performed  using  Toxstat  (Gulley  et  al., 
1989).  A  minimum  probability  level  of  0.05  was  used  for  all 
tests. 

The  morphometric  endpoints  for  the  Japanese  medaka  chronic 
histopathology  study  after  6  and  9  months  of  exposure  were  wet 
weight  and  standard  length.  The  raw  data  were  first  checked  for 
normality  and  homogeneity  of  variance  by  the  Kolmogorov-Smirnov 
test  and  Levene  median  test,  respectively.  The  wet  weight  data 
after  6  and  9  months  of  exposure  passed  the  tests  for  normality 
and  homogeneity  of  variance  and  were  subsequently  analyzed  by  a 
general  linear  model  type  III  test,  (replicates  within  treatment 
of  the  error  term) .  The  standard  length  data  after  6  and  9 
months  of  exposure  were  not  normally  distributed;  thus,  the  non¬ 
parametric  Kruskal  Wallis  one  way  ANOVA  on  ranks  statistic  was 
used.  A  statistically  significant  difference  (a  =  0.05)  was 
found  for  length  after  9  months  of  exposure  using  the 
nonparametric  Kruskal  Wallis  test.  Thus,  Dunn's  multiple 
comparison  test  was  used  to  enumerate  the  difference  between  the 
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control  and  each  experimental  treatment.  All  statistical  tests 
with  the  exception  of  the  general  linear  model  were  performed  via 
Sigma  Stat  (1992) .  The  general  linear  model  was  run  with  SAS 
(1987).  A  minimum  probability  level  of  0.05  was  used  for  all 
tests.  The  histopathological  data  enumerated  by  Experimental 
Pathology  Laboratory,  Inc.  at  6  and  9  months  were  not  treated 
statistically . 

4.2  Hazard  Assessment  Evaluation 

The  U.S.  Army  Aberdeen  Proving  Ground  Directorate  of  Safety, 
Health,  and  Environment  (DSHE)  is  conducting  a  risk  assessment  of 
the  Canal  Creek  area  as  part  of  their  Installation/Restoration 
Program.  The  potential  hazard  of  the  contaminated  surficial 
aquifer  at  Beach  Point,  which  appears  to  be  an  isolated  part  of 
the  surficial  aquifer  identified  throughout  the  Canal  Creek  area 
(Section  3.5),  is  being  addressed  by  DSHE  as  an  operable  unit  in 
a  focus  feasibility  study  of  Beach  Point.  A  hazard  assessment  of 
the  contaminated  surficial  aquifer  to  ac^atic  organisms  was 
performed  in  this  study  using  the  toxicity  data  obtained  in  the 
biomonitoring  evaluation  study.  The  ASTM  Designation  E  1023-84 
(Reapproved  1988)  standard  guide  for  assessing  the  hazard  of  a 
material  to  aquatic  organisms  was  used  as  the  basis  for  the 
hazard  assessment  evaluation  (ASTM,  1992b) . 

4.2.1  Scope  of  the  Hazard  Assessment 

The  hazard  assessment  process  is  complex  and  requires 
decisions  at  a  number  of  points  (ASTM,  1992b) .  The  validity  of  a 
hazard  assessment  depends  on  the  soundness  of  the  decisions  and 
the  accuracy  of  information  used.  All  decisions  should  be  based 
on  reasonable  worst-case  analyses  so  that  an  appropriate 
assessment  can  be  completed  for  the  least  cost  that  is  consistent 
with  scientific  validity.  A  number  of  worst-case  assumptions 
were  made  for  the  Beach  Point  assessment  when  sufficient  data 
were  not  available  in  order  to  err  on  the  conservative  side 
during  the  evaluation.  The  use  of  worst  case  assumptions 
obviously  introduces  a  significant  bias  in  the  hazard  assessment. 

As  discussed  in  the  ASTM  guide  (ASTM,  1992b) ,  the  hazard 
assessment  procedure  is  an  iterative  process  for  assessing  the 
hazard  of  a  material  to  aquatic  organisms.  The  process  basically 
considers  the  relationship  between  a  material's  measured  or 
estimated  environmental  concentrations  and  the  adverse  effects 
likely  to  occur  to  aquatic  organisms.  Normally  the  iterative 
process  proceeds  as  follows.  Unavailable  necessary  information 
concerning  environmental  concentrations  and  adverse  effects  is 
obtained  through  a  stepwise  process  that  starts  with  inexpensive 
information  gathering  and  progresses  to  more  comprehensive  data 
analyses  and  experimental  studies  if  necessary.  At  the  end  of 
each  iteration  (usually  a  maximum  of  three)  the  estimated  or 
measured  environmental  concentrations  are  compared  with 
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information  on  possible  adverse  effects  to  determine  the  adequacy 
of  the  available  data  for  assessinq  hazard.  If  it  is  not 
possible  to  conclude  that  hazard  is  either  minimal  or  potentially 
excessive  after  an  iteration,  further  iterations  are  conducted 
until  the  hazard  is  adequately  characterized. 

4.2.2  Deviations  from  the  Hazard  Assessment  Procedures 

The  hazard  evaluation  process  for  Beach  Point  deviated  from 
some  procedures  recommended  in  the  ASTM  guide  (ASTM,  1992b) . 

Most  of  the  deviations,  all  of  which  are  discussed  below,  were 
dictated  by  the  study  site  and  the  biomonitoring  evaluation  study 
design.  The  following  deviations  occurred.  The  ASTM  guide  was 
written  for  the  hazard  evaluation  of  specific  chemicals  or  a 
group  of  chemicals  that  have  similar  biological,  chemical, 
physical ,  and  toxicological  properties .  The  contaminated 
groundwater  at  Beach  Point  is  a  multiple  mixture  of  heavy  metals 
and  chlorinated  aliphatic  compounds  which  have  very  different 
properties.  Because  the  groundwater  contained  a  mixture  of 
contaminants,  the  complete  mixture  was  tested  rather  than 
individual  components  of  the  mixture. 

Aquatic  toxicological  models  currently  do  not  exist  which 
allow  for  good  predictions  of  toxicity  for  contaminant  mixtures 
that  contain  chemicals  with  different  modes  of  toxic  action. 

Since  the  toxic  interactions  of  the  contaminants  could  not  be 
readily  determined,  the  concentrations  of  the  groundwater 
chemicals  were  expressed  as  percent  groundwater  by  volume  rather 
than  individual  chemical  mass.  The  mass  of  each  contaminant  in 
the  groundwater,  however,  can  be  calculated  from  the  chemical 
analysis  data  obtained  during  the  biomonitoring  phase  of  the 
study  if  desired. 

The  ASTM  guide  recommends  a  phased  hazard  iteration  process 
(ASTM,  1992b) .  Several  toxicological  phases,  however,  were 
conducted  simultaneously  during  the  biomonitoring  evaluation. 

That  is,  low-cost,  medium-cost,  and  high-cost  toxicological  data 
collection/ iteration  phases  were  all  conducted  simultaneously 
during  the  biomonitoring  evaluation  studies. 

Phase  II  (medium-cost  information)  and  Phase  III  (high-cost 
information)  of  the  ASTM  hazard  assessment  recommend  that  acute 
and  chronic  toxicity  tests,  respectively,  be  conducted  with 
estuarine  organisms  when  a  material  enters  estuarine  waters.  The 
Bush  River  is  a  low  salinity  estuary  at  Beach  Point  (Carter, 

1976) ;  however,  all  of  the  biomonitoring  studies  were  conducted 
with  freshwater  organisms.  Tests  with  estuarine  organisms  were 
initially  considered  in  the  design  phase  of  the  biomonitoring 
study.  However,  the  pH  of  the  groundwater  at  Beach  Point  was  4 
±0.1.  Preliminary  pH  adjustment  studies  in  freshwater  showed 
that  some  heavy  metals  were  "salted  out"  of  solution  when  the  pH 
was  raised  from  4  to  7.  The  "salting  out"  effect  observed  in 
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freshwater  would  increase  at  a  salinity  of  20  ppt  which  is  the 
test  salinity  normally  required  for  the  EPA  acute  and  short-term 
chronic  test  methods  for  estuarine  organisms  (Weber,  1991;  Weber 
et  al.,  1989).  Several  heavy  metals  in  the  groundwater  occurred 
at  concentrations  which  could  be  toxic  (U.S.  EPA,  1986b);  thus,  a 
decision  was  made  not  to  conduct  estuarine  tests  because  the 
tests  would  have  underestimated  the  toxicity  of  the  complex 
chemical  mixture  of  the  contaminants.  As  will  be  shown  in  the 
Results  and  Discussion  Section,  less  toxicity  occurred  in  several 
of  the  freshwater  biomonitoring  tests  conducted  at  pH  7  relative 
to  those  conducted  at  pH  4.  Finally,  the  State  of  Maryland  Code 
(COMAR)  considers  the  Bush  River  Area  (Sub-Basin  26.08.02.03-lB) 
as  ••freshwater”  for  the  purposes  of  applying  numerical  toxic 
substance  criteria  (see  Section  5. 2. 3.1). 

One  can  argue  that  differences  exist  between  the 
toxicological  sensitivities  of  freshwater  and  saltwater 
organisms.  Indeed,  there  is  no  question  that  examples  could  be 
given  to  support  either  side  of  the  argument  with  individual 
materials  present  in  the  groundwater  at  Beach  Point.  EPA  has 
developed  both  freshwater  and  saltwater  nxomerical  water  quality 
criteria  for  most  of  the  priority  pollutant  heavy  metals  present 
in  the  groundwater  at  Beach  Point  (U.S.  EPA,  1986b).  As  one 
would  predict  from  the  general  toxicological  literature, 
differences  exist  between  EPA^s  freshwater  and  saltwater  acute 
and  chronic  criteria  for  the  various  metals.  Little  research  has 
been  conducted  on  the  comparative  sensitivities  of  freshwater 
versus  saltwater  organisms  exposed  to  multiple  mixtures  of  heavy 
metals  and  aliphatic  organics.  Since  toxicological  differences 
exist  between  various  freshwater  and  saltwater  organisms  and  few 
data  are  available  to  predict  differences  in  multiple  mixtures, 
we  assumed  that  the  freshwater  biomonitoring  organisms  would 
serve  as  reasonable  surrogates  for  estuarine  organisms  in  the 
Bush  River. 

It  is  known  that  the  groundwater  enters  the  Bush  River 
through  the  bottom  sediments  (Section  3.5).  One  could  argue  that 
benthic  as  well  as  water  column  organisms  should  also  be  included 
in  the  suite  of  test  organisms.  No  benthic  organisms  were  tested 
in  the  biomonitoring  evaluation  of  the  groundwater.  A  recent 
analysis  of  numerical  water  quality  criteria  chemicals  by  EPA 
shows  that  freshwater  and  saltwater  benthic  organisms,  in 
general,  have  toxicological  sensitivities  similar  to  those  of 
water  column  organisms  (U.S.  EPA,  1993a) .  Thus,  toxicity  data 
for  water  column  organisms  were  used  to  predict  toxicity  for 
benthic  organisms. 

4.2.3  Estimated  Discharge  Rate  of  the  Surficial  Aquifer 

The  discharge  rate  of  the  Beach  Point  surficial  aquifer  to 
the  Bush  River  had  to  be  estimated  in  order  to  estimate  the 
environmental  concentrations  of  the  groundwater  in  the  Bush 
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River.  An  estimated  discharge  rate  of  the  surficial  aquifer  at 
Beach  Point  was  made  by  Jacobs  Engineering  Group  (JEG,  1994) . 

The  horizontal  transport  value,  for  the  discharge 

calculation  was  taken  from  a  25-h  study  conducted  in  late  March 
1994  by  K-V  Associates,  Inc.  (1994).  which  was  0.27  m/d 

(0.89  ft/d)  in  a  direction  of  ei.S'NE  magnetic  north, 
approximately  24*  riverward  from  the  main  peninsula  axis,  was 
taken  from  well  CC-33B.1  which  is  an  intermediate  depth  well  at 
Beach  Point  (Section  3.3).  The  assumption  was  made  that  was 

continuous  throughout  the  surficial  aquifer  at  Beach  Point  (JEG, 
1994) .  orientation  (flow  direction)  was  assumed  to  be 

consistent  with  actual  aquifer  conditions  over  one  complete  tidal 
cycle  (discounting  short~term  fluctuations  due  to  tidal  changes) . 

The  flowing  assumptions  were  also  made  for  the  calculation 
of  the  estimated  discharge  rate  of  the  surficial  ac^ifer  at  Beach 
Point  (JEG,  1994).  The  surficial  aquifer  was  considered  to  be 
homogeneous,  characterized  by  isotropic  flow  conditions.  The 
average  saturated  thickness  of  the  aquifer  was  assumed  to  be  18.8 
m  (61.8  ft) .  The  Bush  River  frontage  along  the  peninsula  is  «448 
m  (1,470  ft).  Approximately  366  m  (1,200  ft)  of  frontage  is 
directed  in  a  NE  direction;  approximately  82  m  (270  ft)  of  the 
northern  peninsula  terminus  is  directed  in  a  NW  direction.  The 
aquifer  was  assumed  to  discharge  the  entire  length  of  the  Beach 
Point  Peninsula  fronting  the  Bush  River.  Thus,  the  cross- 
sectional  area  of  saturated  surficial  aquifer  fronting  Bush  River 
was  assumed  to  be  »8,443  m^  (90,883  ft^) .  The  length  and  area  of 
the  aquifer  fronting  the  Bush  River  are  believed  to  be  (^ite 
conservative.  A  more  realistic  estimate  of  length  of  discharge 
from  Beach  Point  is  probably  one  third  to  one  half,  rather  than 
the  entire  length  (Lorah,  1994).  The  directional  component  of 
Vw  orthogonal  to  the  Bush  River  frontage  was  used  rather  than 
assuming  is  orientated  perpendicular  (orthogonal)  to  the 

Bush  River  frontage  in  the  surficial  aquifer.  That  is,  the 
measured  horizontal  velocity  (0.27  m/d)  was  multiplied  by  a  sin 
(24*)  factor  along  the  366  m  (1,200  ft)  frontage. 

The  calculation  of  the  estimated  discharge  rate  of  the 
surficial  aquifer  to  the  Bush  River  made  by  Jacobs  Engineering 
Group  (JEG,  1994)  is: 

Discharge  =  (0.27  m/d  velocity) (sin  24“)(18.8  m  depth) (366  m 

frontage)  +  (0.27  m/d  velocity) (18.8  m  depth) (82 
m  frontage) 

=  1,175.5  mVd  (41,508.7  ftVd) 
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4.2.4  Contaminant  Distribution  Assumptions  in  the 
Groundwater 

As  discussed  in  Section  3.3,  chemical  monitoring  of  the 
wells  at  Beach  Point  showed  that  the  highest  concentrations  of 
heavy  metals  in  1988  occurred  in  the  mid-depth  (CC-33B.1)  and 
deep  (CC-33B)  wells.  The  highest  concentrations  of  chlorinated 
aliphatic  organics  occurred  primarily  in  the  deep  well  as  a 
residual  DNAPL  plume.  Only  one  shallow  well  (CC-33A)  and  one 
deep  well  (CC-33B)  were  studied  at  Beach  Point  during  1989.  The 
concentrations  of  heavy  metals  and  volatile  organics  were  all 
higher  in  the  deep  well  (CC-33B)  than  in  the  shallow  well  (CC- 
33A) . 


The  following  assumptions  were  made  for  the  hazard 
assessment.  The  assumption  was  made  for  heavy  metals  that  no 
retardation  occurred  via  adsorption  onto  solid  surfaces  or 
trapping  by  clays  through  ion  exchange.  It  was  also  assumed  that 
no  precipitation  of  the  metals  occurred  when  the  pH  shifted  from 
4  to  neutrality  when  the  groundwater  entered  the  receiving 
stream.  With  regard  to  the  DNAPLs,  the  assumption  was  made  that 
no  abiotic  (chemical)  or  biotic  (microbial)  transformations 
occurred.  We  assumed  that  the  heavy  metals  and  residual  DNAPLs 
were  homogeneously  mixed  throughout  the  complete  aquifer.  In 
addition,  the  highest  concentration  (not  the  average 
concentration)  of  each  contaminant  measured  during  the  four 
bimonthly  chemical  analyses  (Section  4. 1.6.1)  was  assumed  to  be 
homogeneously  distributed  throughout  the  aquifer.  It  was  also 
assvimed  that  the  maximum  concentrations  of  materials  would  not 
increase  above  those  currently  present  in  well  CC-33B  since  the 
original  sources  of  the  contaminants  were  not  longer  present 
(Section  3.2).  The  assumption  was  made  that  the  highest 
concentrations  of  the  heavy  metals  and  chlorinated  aliphatics  in 
the  aquifer  all  moved  through  the  sediments  into  the  Bush  River. 
Finally,  the  assumption  was  made  that  1,176  mVd  of  contaminated 
groundwater  moved  into  the  Bush  River.  We  are  aware  that  some  of 
the  groundwater  flow,  which  is  influenced  by  tidal  stage,  may  be 
in  the  direction  of  Kings  Creek  (Section  3.5). 

4.2.5  Screening-level  Assessment  of  the  Near-Field  Dilution 
of  the  Groundwater  Plume  in  Bush  River 

A  screening  level  assessment  of  the  near-and  far-field 
dilution  of  the  groundwater  discharge  from  Beach  Point  was 
conducted  by  Najarian  Associates,.  Inc.  (1994)  under  contract  to 
USABRDL.  The  primary  objective  of  the  study  was  to  estimate, 
using  EPA-approved  screening-level  techniques,  the  initial 
("near-field")  dilution  and  flushing  rate  ("far-field"  dilution) 
of  the  groundwater  discharge  plume  into  the  Bush  River.  The 
assessment,  when  combined  with  the  discharge  concentration  data, 
provides  first-order  estimates  of  near-field  concentrations. 

That  is,  it  gives  receiving  water  concentrations  that  would  be 
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periods  (e.g.,  seconds  and  minutes) . 

The  second  objective  was  to  compute 
selected  toxic  constituents  and  to  mality 

available  baseline  data  Ssess  the 

impacts  can  be  quantified.  The  third  ^  ^  a 

apllioability  of  a  Maryland  Sa^e?VaUty  siaAdards 

localised  drscharge  sone  rn  whrch  routinely 

may  be  exceeded  (U.S.  /i-j  If  applicable 

rr"^i&  -- 

allow  for  local  exceedences  of  water  quality  standards. 

4. 2. 5.1  Near-field  Dilution  Estimates 

The  near-field  model  approach  was  to  evaluate  the  volume  of 
^o?eSSS"di?";S'a?anaSlf  Within  the 

oarailels  t^^interfaoe  between  the  Bush  River  and  the  Beach 

and  mixing  associated  with  ambient  currents. 

As  discussed  in  Najarian  Associates,  Inc.  (1994) ,  the  same 

aiiifr^erfrof  ruifi!?  s?rus2^^^^^^ 

as  the  dilution  of  a  discharge  from  a  line  diffuser,  this 

that  have  been  developed  primarily  for  such  outfall  diffusers. 

The  limitations  of  the  approach  are  twofold,  2^ 

Dlume  dilution  models  also  simulate  momentum-bped  entrairment, 

lino  Hif'fnejer  must  be  set  to  minimize  initial  momentum. 

within  the  near-field  condition.  As  this  ^5 
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of  field  conditions. 

A  secies  of  EPA“appcoved ,  plume  dilution  models  foe  sucface 
waters  are  given  in  Muellenhoff  et  al.  (1985).  The  EPA  models 
are  usually  applied  to  discharges  from  line  sources  such  as 
outfall  diffuser  manifolds.  In  the  present  case,  however,  the 
groundwater  discharge  is  emanating  from  the  river  bed.  V^ile  all 
EPA-approved  plume  models  could  be  run,  ULINE  (uniform  linear 
density  flume  model)  was  selected  for  the  dilution  calculations 
because  it  is  based  directly  on  laboratory  experiments  and  has 
proved  it's  usefulness  in  recent  outfall  studies  conducted 
throughout  the  United  States  (Najarian  Associates,  Inc.,  1994). 
The  ULINE  model  also  neglects  initial  discharge  momentum  which  is 
consistent  with  the  groundwater  plume  movement  into  the  Bush 
River.  The  ULINE  model  is  designed  to  give  dilution  ratios  of  a 
discharge  in  a  receiving  stream;  not  distance  isopleths  from  the 
source  of  a  discharge. 

Outfall  dilution  studies  are  typically  conducted  under 
"critical"  minimum  dilution  conditions  (Najarian  Associates, 

Inc.,  1994).  These  conditions  are  defined  as  the  lowest  10th 
percentile  ambient  currents,  and  highest  10th  percentile  ambient 
density  stratification  conditions.  However,  Maryland  regulations 
require  that  the  acute  aquatic  life  toxicity  criteria  be  applied 
under  conditions  of  mean  low  water  and  "minimvim  daily  averaged  1- 
h  tidal  velocity"  (near  slack  tide)  (COMAR  26.08.02.05C) ;  chronic 
aquatic  life  criteria  are  applied  under  conditions  of  mean  water 
level  and  average  tidal  velocity  (COMAR  26.08.02.05D) .  Thus,  the 
input  data  were  selected  for  the  ULINE  near“field  model  to 
reflect  these  required  conditions. 

To  adapt  ULINE  to  the  study  area,  an  input  of  site-specific 
data  was  required.  The  model  input  data  fell  into  three 
categories  which  included  1)  groundwater  discharge  parameters;  2) 
receiving  water  parameters;  and  3)  outfall  diffuser  parameters. 
The  estimation  of  the  groundwater  input  parameters  were  those 
given  in  Section  4.2.3.  The  ambient  receiving  water  input 
parameters  (e.g. ,  ambient  current  velocity,  salinity, 
temperature,  and  depth  of  discharge  in  the  Bush  River)  are  given 
in  Najarian  Associates,  Inc.  (1994) .  The  conceptualized  outfall 
discharge  parameters  for  an  assumed  448-m  line  source  of  buoyancy 
are  also  given  in  Najarian  Associates,  Inc.  (1994) . 

4. 2. 5. 2  Far-field  Dilution  Estimates 

The  Bush  River  receiving  waters  can  be  divided  into  two^ 
zones  based  on  physical  mechanisms  of  mixing.  In  the  near— field, 
rapid  mixing  is  caused  primarily  by  the  discharge  plumes ' s 
buoyancy  and  initial  discharge  momentum,  in  combination  with 
ambient  currents.  In  the  far-field,  the  plume  is  mixed  passively 
by  ambient  processes  such  as  turbulence  and  tidal  dispersion. 
Far-field  length  scales  are  typically  kilometer  distances  from 
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the  discharge  site;  far-field  time  scales  are  hours,  days,  or 
longer. 

Three  EPA  methods  were  initially 

‘par-iiSd 

reported  by  Najarian  Associates,  Inc.  (1994)  for  the  Bush  River 
5?rthf  th^efmiSods,  which  included  the  tidal  prism  i^^thod 
fraction  of  freshwater  method,  and  dye-tracer  method.  ^  ^ 

tracer  method  was  selected  for  farther  ^°“P^tations  because  dye 
tracer  data  collected  by  Carter  (1976)  for  the  Bush  Ri 

llX  on  segmented  (complete 

mixing)  approaches . 

Total  near-field  dilutions,  which  correct  for 
Of  dilutions  (Fisher  -t  al.,  1979),  were  caloulated^for 

Maryland's  acute  and  chronic  aquatic  life  ^oxici  y  Trail 

sp^inrand  Fall  conditions.  The  smaller  of  the  Spring  or  Fall 

-SL?nL?r?sind-^ir»:srpo«^^ 

roScI^?^aSSSTf"?S:  “£  r^ndSaLr  (see 

Section  4.2.4)  divided  by  the  dilution  factor. 

4. 2. 5. 3  Mixing  Zone  Consideration 
initial’^dilutiOT;  ?hey“miralso''be*extenderL‘*iOTer  leconda^ 

S  K  lhrftlLl.«^°^l9?It.7hriSJte  Of 

"rSIiT-n:f -  ?ir!;‘’£  asf IfwasSwater 
treatment  facilities  and  power  plants  ttat  discharge  to 

aars.  ssrr.s“~.5sss 

discharge  in  the  Bush  River. 
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SECTION  5 


RESULTS  AND  DISCUSSION 


5 . 1  Biomonitoring  Evaluation 

The  Results  and  Discussion  Section  is  organized  as  follows. 
The  results  and  discussion  for  all  of  the  biomonitoring  systems 
are  presented  in  separate  sections  for  each  test  system.  The 
endpoints/responses  for  each  biomonitoring  toxicity  test  are 
summarized  in  Table  2.  The  table  is  organized  as  Tests  Nos.  1, 

2,  3.  and  4  which  reflects  the  bimonthly  test  design.  The 
Microtox*,  Japanese  medaka  LC50,  Ames,  SCE,  and  Japanese  medaka 
chronic  histopathology  and  morphometric  results  are  presented 
under  the  Test  No.  1  column  for  space  convenience  purposes 
the  tests  were  not  bimonthly  tests  as  the  heading  implies.  The 
raw  data,  water  quality  data,  and  statistical  analyses  for  the 
biomonitoring  test  systems  as  well  as  the  routine  water  quality 
analyses  of  the  histopathological  study  are  given  in  Burton  et 
al.  (1994). 

5.1.1  Acute  Toxicity  Tests 

5 . 1 . 1 . 1  Microtox® 

A  summary  of  the  Microtox®  5-  and  15-min  EC50  (reduction  of 
bioluminescence)  results  is  given  in  Table  2.  The  Microtox  5-- 
and  15-min  ECSOs  for  100%  groundwater  at  pH  4  ranged  from  11  29 
and  17-45%  groundwater  by  volume,  respectively.  The  5-  and  15- 
min  EC50S  for  the  100%  groundwater  adjusted  to  pH  7  ranged  from 
17-59  and  18-96%  groundwater  by  volume,  respectively.  The 
groundwater  was  less  toxic  at  pH  7  than  at  pH  4  •  Although 
and  IS^min  ECSOs  were  variable  over  the  course  of  the  study,  the 
raw  and  buffered  groundwater  both  appeared  to  become  less  toxic 
as  the  study  progressed  (Fig.  1  and  2) .  As  will  be  shown  below, 
the  same  trend  was  not  evident  in  the  other  acute  and  short-term 
chronic  test  systems.  Less  toxicity  was  observed  in  the  15-min 
EC50S  relative  to  the  5-min  EC50s. 

Toxicity  was  detected  in  10%  groundwater  by  volume  one  time 
during  the  study.  The  5-min  EC50  was  99%  groundwater  by  volume; 
no  15-min  EC50  was  obtained  for  the  same  sample.  The  EC50  was 
spurious  because  the  95%  fiducial  limits  ranged  from  0.0  to  i  ^ 
10^%  groundwater  by  volume.  No  .toxicity  was  detected  during  the 
study  in  the  1%  groundwater  by  volume  samples  or  the  APG-EA 
diluent  water. 

The  toxicity  of  the  groundwater  as  shown  by  the  Microtox® 
assay  is  not  surprising  when  one  considers  the  complex  mixture  of 
the  contaminants  in  the  groundwater  (Section  5. 1.6*1;  Table  3). 
For  example,  the  5— min  EC50s  for  both  copper  and  zinc  are  less 
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TABLE  2.  SUMMARY  OF  THE  TOXICITY  ENDPOINTS/RESPONSES  FOR  BIOMONITORING  TESTS  CONDUCTED  ON 
BEACH  POINT  GROUNDWATER  (WELL  CC-33B)  FROM  FEBRUARY  1993  TO  DECEMBER  1993 
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Rgure  2.  Microtox®  test  results  of  buffered  (pH  =  7)  groundwater  samples  taken  during  the  chronic 
histopathology  study. 


than  the  groundwater  concentrations  shown  in  Table  3  (Qureshi  et 
al.,  1982).  Similarly,  several  of  the  volatile  organics  at 
concentrations  below  the  concentrations  in  the  raw  groundwater 
have  been  shown  to  be  toxic  via  the  5-  and/or  15-min  Microtox® 
analysis  (Kaiser  and  Ribo,  1988) .  Chloroform,  chlorobenzene, 
trichloroethane,  and  tetrachloroethane  all  have  5-  and/or  15-min 
EC50s  below  the  concentrations  found  in  the  groundwater. 

5. 1.1. 2  Rotifer 

The  results  of  the  24-h  LC50  tests  at  pH  4  and  7  with  the 
rotifer  are  summarized  in  Table  2.  The  24-h  LC50  values  (95% 
confidence  limits  given  in  parenthesis)  for  the  four  acute 
rotifer  tests  conducted  at  pH  4  ranged  from  64-95%  groundwater  by 
volvime.  No  toxicity  was  found  at  pH  7  in  the  first  and  fourth 
bimonthly  tests.  Some  mortality  occurred  in  the  100%  groundwater 
treatment  during  the  second  and  third  tests;  however,  no  LC50s 
could  be  calculated  because  <50%  mortality  occurred. 

5. 1.1. 3  Green  Alga,  Cladoceran,  Fathead  Minnow,  and 
Japanese  Medaka 

The  96-h  EC50S  (reduction  in  growth)  for  the  green  alga 
exposed  to  raw  groundwater  at  pH  4  and  buffered  groundwater  at  pH 
7  are  given  in  Table  2.  The  96-h  EC50s  for  reduction  in  growth 
at  pH  4  ranged  from  51-59%  groundwater  by  volume.  With  the 
exception  of  Test  No.  1  in  which  no  EC50  could  be  calculated 
because  <50%  reduction  in  growth  occurred  in  the  study,  the  96-h 
EC50S  were  essentially  the  same  in  the  groundwater  buffered  to  pH 
7.  The  EC50S  at  pH  7  in  Test  Nos.  2-4  ranged  from  50-58% 
groundwater  by  volume. 

Groundwater  at  pH  4  was  acutely  toxic  to  the  cladoceran 
(Table  2).  The  48-h  LC50s  ranged  from  63-65%  groundwater  by 
volume  for  the  four  tests.  Buffered  groundwater  was  not  toxic  in 
Test  Nos.  1  and  2.  Some  toxicity  occurred  at  pH  7  in  Tests  Nos. 

3  and  4;  however,  no  48-h  LC50  could  be  calculated  because  <50% 
mortality  occurred  in  48  h. 

The  96-h  LC50  data  for  the  fathead  minnow  at  pH  4  and  7  are 
summarized  in  Table  2.  Groundwater  at  pH  4  was  acutely  toxic  to 
the  fathead  minnow.  The  96-h  LC50s  ranged  from  22-64% 
groundwater  by  volume  for  the  four  tests.  Buffered  groundwater 
at  pH  7  was  not  toxic  in  any  test  after  a  96-h  exposure. 

One  96-h  LC50  toxicity  test  was  conducted  with  Japanese 
medaka  at  pH  4  (Table  2).  The  groundwater  was  toxic  at  pH  4 
after  a  96-h  exposure;  however,  a  96-h  LC50  could  not  be 
calculated  because  <50%  mortality  occurred  in  96  h.  An  acute 
toxicity  test  was  not  conducted  at  pH  7  since  the  groundwater  was 
not  acutely  toxic  to  Japanese  medaka  at  pH  4. 
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TABLE  3.  SUMMARY  OF  THE  FOUR  BIMONTHLY  CHEMICAL  ANALYSES 
(RANGE  OF  CONCENTRATIONS)  CONDUCTED  ON  RAW  BEACH 
POINT  GROUNDWATER  (WELL  CC-33B)  FROM  FEBRUARY 
1993  TO  DECEMBER  1993 


Parameter 

Concentration 

Unit 

General  Water  Quality 

Alkalinity 

<1  -  21 

mg/L  as  CaCOj 

Hardness 

170  -  230 

mg/L  as  CaCOj 

Conductivity 

1,600  -  2,020 

/is/cm 

Total  Suspended  Solids 

<5 

mg/L 

Total  Organic  Carbon 

2-4 

mg/L 

Calciiim 

16.5  -  21 

mg/L  as  Ca 

Magnesium 

30  -  43 

mg/L  as  Mg 

Manganese 

1.7  -  2.1 

mg/L  as  Mn 

Potassium 

2.5  -  4.1 

mg/L  as  K 

Sodium 

257  -  350 

mg/L  as  Na 

Sulfate 

62-91 

mg/L  as  SO^ 

Sulfide 

<1 

mg/L  as  S 

Chloride 

490  -  580 

mg/L  as  CL 

Ammon i a-N it rogen 

<0.1 

mg/L  as  N 

Nitrate-N itrogen 

0.1  -  2.5 

mg/L  as  N 

Nitrite-Nitrogen 

<0.01 

mg/L  as  N 

Phosphorus 

0.12  -  2.64 

mg/L  as  P 

Fluoride 

0.2  -  1.2 

mg/L  as  F 

Iron 

4.6  -  7.7 

mg/L  as  Fe 

Cyanide 

<0.01  -  0.06 

mg/L  as  CN 

Bromide 

0.4  -  1.5 

mg/L  as  Br 

pH 

3.9  -  4.1 

Std.  Unit 
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TABLE  3.  (CONTINUED) 


Parameter 

Concentration 

Unit 

Heavy  Metals® 

Aluminum 

810  -  1,500 

Hg/L  as  A1 

Antimony 

<5 

/ig/L  as  Sb 

Arsenic 

<5-7 

Mg/L  as  As 

Beryllium 

<5 

/xg/L  as  Be 

Boron 

50  -  70 

/xg/L  as  B 

Cadmium 

0.8  -  1.4 

/xg/L  as  Cd 

Chromium 

<2 

/xg/L  as  Cr 

Cobalt 

80  -  110 

/xg/L  as  Co 

Copper 

5.4  -  8 

/xg/L  as  Cu 

Lead 

<5 

/xg/L  as  Pb 

Mercury 

<0.5 

/xg/L  as  Hg 

Molybdenum 

<10 

/xg/L  as  Mo 

Nickel 

120  -  180 

/xg/L  as  Ni 

Selenium 

<5 

/xg/L  as  Se 

Silver 

<1 

/xg/L  as  Ag 

Thallium 

<5 

/xg/L  as  Ti 

Tin 

<50 

/xg/L  as  Sn 

Zinc 

210  -  310 

/xg/L  as  Zn 

Volatile  Oraanics 

Chlorobenzene 

2 

/xg/L 

Chloroform 

10  -  12 

/xg/L 

1, 1, 2-Trichloroethane 

37  -  110 

/xg/L 

1,1,1, 2-Tetrachloroethane 

3 

/xg/L 

1,1,2, 2-Tetrachloroethane 

9,000  -  17,000 

/xg/L 

TABLE  3.  (CONTINUED) 


Parameter 


Concentration 


Unit 


1 , i-Dichloroethene 
cis-1 , 2-Dichloroethene 
Trichloroethene 
Tetrachl oroethene 
Vinyl  Chloride 


Volatile  Organics  Con't 


110  -640 
450  -  1,600 
30  -  90 


/xg/L 

Mg/L 

Hq/L 

Mg/L 

/xg/L 


®  The  metal  concentrations  are  total  metal;  not  dissolved 
metal . 

Tho  acute  toxicity  of  the  groundwater  to  the  rotifer, 

cladoceran,  and  fathead  minnow  at  pH  4  may  ^^^^J;^EPA^p?io?ity^ 
heavy  metals  in  the  groundwater  (Table  3).  Several  EPA  priority 
pollutant  heavy  metals  (cadmium,  copper,  nickel,  and 
found  in  the  groundwater.  The  concentration 

groundwater  (when  adjusted  for  hardness)  freshwater 

Numerical  water  crxterron  of^X20 

sS^h’lfSppIr^and  zinc  eiik  primarily  “ 

I™  «^rweu“s?a^?SheI  tolScity  of' 

ISLi"  Tsfrii/r? ; 

at  pH  4  to  less  toxic  species  at  pH  7  (Lee,  ^97).  rotifer 

to  the  acute  toxicity  of  the  groundwater  at  P» 
cladoceran,  and  fathead  minnow,  a  96-h  not  n 

calculated  for  the  Japanese  medaka  because  <50%  mortality 

occurred. 

Mrt  ciTirfi^»  heavy  metal  at  the  concentrations  present  in  the 
groundSa?i?®cL  ™t  for  ‘he^^^ty  oh^r^ed  i^the  green 
alga  (U.S.  EPA,  1986b).  Few  data  are 

ioint  toxicity  of  heavy  metals  or  organics  to  green  ®7^ 
joint  “xioity  tonicity  at  pH  4  and  7  was  essentially  the 

same^ (Table  2)  which  suggests  that  heavy  metals  may  not  be 
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important  toxicologically  to  the  alga.  No  single  priority 
pollutant  organic  for  which  there  are  toxicity  data  can  account 
for  the  toxicity  observed  in  the  alga  (U.S.  EPA,  1986b) .  One  can 
only  speculate  that  the  toxicity  of  the  groundwater  to  the  alga 
may  be  related  to  1)  the  joint  toxicity  of  the  metals,  2)  joint 
toxicity  of  the  organics  and/or  3)  interaction  of  the  metals  and 
organics . 


5.1.2  Short-term  Chronic  Toxicity  Tests 

5 . 1 . 2 . 1  Green  Alga 

The  NOECs  and  LOECs  (reduction  in  cell  density)  for  the 
green  alga  exposed  to  groundwater  at  pH  4  and  7  are  summarized  in 
Table  2.  At  pH  4,  the  NOECs  for  the  four  tests  ranged  from  18- 
56%  groundwater  by  volume.  The  LOECs  ranged  from  32-100% 
groundwater  by  volume.  At  pH  7,  the  NOECs  and  LOECs, 
respectively,  ranged  from  18-56  and  32-100%  groundwater  by 
volume.  With  the  exception  of  Test  No.  2,  the  NOECs  and  LOECs 
were  exactly  the  same  at  pH  4  and  7  for  the  same  test  period. 

The  NOECs  and  LOECs  were  less  at  pH  7  than  at  pH  4  in  Test  No.  2 
only.  Thus,  with  the  exception  of  one  test,  no  difference  in 
algal  toxicity  was  found  for  groundwater  at  pH  4  and  pH  7 .  Some 
variation  in  toxicity  was  found  between  the  four  sets  of  tests. 
The  lowest  NOEC  found  in  any  test  was  18%  groundwater  by  volume. 
As  stated  above  in  Section  5. 1.1. 3,  one  can  only  speculate  that 
the  toxicity  of  the  groundwater  to  the  alga  may  be  related  to  the 
1)  joint  toxicity  of  the  metals,  2)  joint  toxicity  of  the 
organics  and/or  3)  interaction  of  the  metals  and  organics. 

5 . 1 . 2 . 2  Cladoceran 

The  7-d  LC50S,  NOECs,  and  LOECs  for  the  cladoceran  exposed 
to  groundwater  at  pH  4  and  7  are  svimmarized  in  Table  2.  The 
groundwater  at  pH  4  was  toxic  in  all  tests.  The  short-term 

chronic  7-d  LC50s  at  pH  4  ranged  from  42-65%  groundwater  by 

volume.  The  NOECs  (reduction  in  neonate  production)  at  pH  4 
ranged  from  10-32%  groundwater  by  volume  while  the  LOECs  ranged 
from  18-32%  groundwater  by  volume  in  the  four  tests. 

The  groundwater  at  pH  7  was  essentially  as  toxic  to  the 

cladoceran  as  it  was  at  pH  4.  The  7-d  LC50s  ranged  from  40-72% 

groundwater  by  volume  in  three  of  the  four  tests.  Toxicity  was 
observed  in  Test  No.  3;  however,  the  7-d  LC50  could  not  be 
calculated  because  <50%  mortality  occurred  after  7  d  of  exposure. 
The  NOECs  and  LOECs  in  Test  Nos.  1  and  2  could  not  be  determined 
because  significant  reductions  (a  =  0.05)  in  neonate  production 
occurred  down  to  32%  and  18%  groundwater  by  volume,  respectively, 
which  were  the  lowest  concentrations  used  in  the  study.  The 
NOECs  and  LOECs  in  Test  Nos.  3  and  4  were  both  10%  and  18%, 
respectively.  The  NOECs  and  LOECs  were  the  same  in  Test  Nos.  3 
and  4  in  both  raw  and  buffered  groundwater. 
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5 . 1 . 2 . 3  Fathead  Minnow 


The  7-d  LC50S,  NOECs,  and  LOECs  for  the  fathead  minnow 
exposed  to  groundwater  at  pH  4  and  7  are  summarized  in  Table  2. 
The  groundwater  at  pH  4  was  toxic  in  all  tests.  The  short-term 
chronic  7-d  LC50s  at  pH  4  ranged  from  22-62%  groundwater  by 
volume.  The  NOECs  at  pH  4  ranged  from  10-32%  groundwater  by 
volume  while  the  LOECs  ranged  from  18-56%  groundwater  by  volume 
in  the  four  tests.  The  NOEC  and  LOEC  endpoints  at  pH  4  were  a 
reduction  in  growth  for  Test  Nos.  1  and  2  and  an  increase  in 
mortality  in  Test  Nos.  3  and  4. 

The  groundwater  was  less  toxic  when  buffered  to  pH  7  (Table 
2).  With  regard  to  the  7-d  LC50s  at  pH  1,  no  statistically 
significant  (a  =  0.05)  mortality  occurred  in  three  of  the  four 
tests.  Some  mortality  was  obseirved  in  Test  No.  2;  however,  a  7-d 
LC50  could  not  be  calculated  because  <50%  mortality  occurred  in  7 
d  of  exposure.  A  significant  reduction  (a  =  0.05)  in  growth 
occurred  in  Test  No.  1  while  a  significant  increase  in  mortality 
occurred  in  Test  No.  2.  The  NOECs  for  Test  Nos.  1  and  2  were  56% 
groundwater  by  volume,  while  the  LOECs  were  100%  groundwater  by 
volume.  No  NOECs  or  LOECs  were  obtained  in  the  third  and  fourth 
tests  because  statistically  significant  (a  =  0.05)  increases  in 
mortality  or  reductions  in  growth  did  not  occur. 

The  chronic  toxicity  observed  for  the  cladoceran  and  fathead 
minnow  may  be  related  to  several  heavy  metals  and  at  least  one 
organic  present  in  the  groundwater  (Table  3).  As  discussed  below 
in  Section  5. 1.6.1,  cadmium,  nickel,  and  zinc  concentrations  in  - 
the  groundwater  are  equal  to  or  exceed  the  EPA  freshwater  chronic 
numerical  water  quality  criteria  of  1.1,  160,  and  110  ng/lt 
(hardness  dependent  criteria;  100  mg/L  as  CaCOj  used) , 
respectively  (U.S.  EPA,  1980a;  1984a;  1987) .  None  of  the 
priority  pollutant  organics  found  in  the  groundwater  currently 
have  numerical  water  quality  criteria  values  because  insufficient 
data  exist  to  develop  criteria  (Potts,  1994).  However,  1, 1,2,2- 
tetrachl ore thane  concentrations  found  in  the  groundwater  exceed 
the  EPA  freshwater  chronic  LOEC  (U.S.  EPA,  1980b) .  Thus,  it 
likely  that  the  chronic  toxicity  observed  in  the  cladoceran  and 
fathead  minnow  tests  is  a  combination  of  metals  and  organics. 

In  contrast  to  the  general  reduction  in  acute  toxicity  when 
the  rotifer  and  fathead  minnow  were  tested  in  buffered 
groundwater,  the  chronic  toxicity  NOECs  and  LOECs  values  for  the 
cladoceran  were  the  same  at  pH  4  and  7  (Table  2).  Thus,  the 
suggestion  above  that  toxicity  attributable  to  heavy  metals  is 
reduced  at  the  higher  pH  does  not  appear  to  be  valid  for  the 
cladoceran  in  the  chronic  tests.  The  reason  for  this  observation 
is  not  clear. 
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5.1.3  Genotoxicity  Tests 

5. 1.3.1  Gene  Mutation  Assay 

Both  unconcentrated  and  concentrated  (lOX)  groundwater  Ames 
assays  were  conducted  on  10%  groundwater  by  volume,  1% 
groundwater  by  volvime,  and  control  water  in  Test  Nos^  1  and  2; 

100%  groundwater,  10%  groundwater  by  volume,  and  control  water 
were  assayed  in  Test  Nos.  3  and  4  (Table  2).  All  of  ®  „ 

unconcentrated  and  concentrated  (lOX)  100%  groundwater,  10% 
groundwater  by  volume,  1%  groundwater  by  volume,  and  diluent 
water  assays  were  found  to  be  non-mutagenic  (negative)  with 
tester  strains  TA98  and  TAIOO  in  both  the  presence  and  absence  of 
an  exogenous  metabolic  activation  system  of  mammalian  microsomal 
enzymes  derived  from  Aroclor-induced  rat  liver  (S9  mix) . 
deviation  from  the  above  results  was  found  in  the  unconcentrated 
APG-EA  diluent  water  in  Test  No.  1.  With  tester  strain  TA98  in 
the  absence  of  S9  mix,  the  response  was  evaluated  as  marginal  in 
two  trials  due  to  the  presence  of  1  dose  with  an  MR  >  1.5  which 
was  not  accompanied  by  a  dose  response. 

5. 1.3. 2  Sister  Chromatid  Exchange  Assay 

The  sister  chromatid  exchange  (SCE)  assay  was  preformed  once 
on  concentrated  samples  («50,000X)  of  100%  groundwater,  10% 
groundwater  by  volume,  APG-EA  diluent  water,  and  once 
unconcentrated  100%  groundwater  sample.  The  concentrated  extract 
of  100%  groundwater  was  considered  positive  for  inducing  sister 
chromatid  exchange  in  Chinese  hamster  ovary  cells  under  the 
nonactivation  conditions  of  the  study  and  weakly  positive  under 
the  activation  (exogenous  metabolic  activation  system  of 
mammalian  microsomal  enzymes  derived  from  Aroclor-induced  rat 
liver  S9  mix)  conditions  of  the  study  (Table  2).  The 
unconcentrated  sample  of  100%  groundwater  was  considered  negative 
for  inducing  sister  chromatid  exchange  in  Chinese  hamster  ovary 
cells  under  the  activation  and  nonactivation  conditions  of  the 
assay.  The  concentrated  extracts  of  the  10%  groundwater  by 
volume  and  APG-EA  diluent  water  were  also  considered  negative  for 
inducing  sister  chromatid  exchange  in  Chinese  hamster  ovary  cells 
under  the  activation  and  nonactivation  conditions  of  the  assay. 

A  positive  response  was  found  for  100%  groundwater  in  the 
SCE  assay  when  the  groundwater  sample  was  concentrated  w50,000X. 
The  SCE  assay  was  negative  for  unconcentrated  100%  groundwater. 

It  is  not  clear  that  the  SCE  positive  response  in  the  50,000X 
concentrated  sample  is  important  to  aquatic  organisms.^  As 
discussed  below  in  Section  5.2,  the  potential  for  the  heavy 
metals  and  aliphatic  organics  present  in  the  groundwater  to 
bioaccumulate  is  <100-fold  because  the  log  ¥.^s  of  the  materials 
are  <3.  It  is  clear  that  no  chemical  or  physical  process  in  the 
Bush  River  could  cause  a  50,000X  increase  in  the  concentration  of 
the  materials  in  the  near-field  of  the  groundwater  discharge. 
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Thus,  organisms  in  the  immediate  vicinity  of  the  groundwater 
discharge  would  never  be  exposed  to  a  50,000X  increase  in  the 
contaminants . 

5.1.4  Developmental  Toxicity  Test 

The  4-d  LC50,  4-d  EC50  (malformations),  NOEC,  and  LOEC 
results  for  the  FETAX  assays  conducted  in  groundwater  at  pH  4  and 
7  are  summarized  in  Table  2.  Little  embryolethality  occurred  in 
the  groundwater  at  pH  4  or  7  (Table  2) .  The  raw  groundwater  was 
not  toxic  to  the  embryos  at  pH  4  in  the  first  three  tests.  Some 
toxicity  occurred  in  Test  No.  4;  however,  a  LC50  could  not  be 
calculated  because  <50%  mortality  occurred.  The  buffered 
groundwater  was  not  toxic  in  two  of  the  four  test.  Some 
mortality  occurred  in  Test  Nos.  2  and  4;  however,  a  LC50  could 
not  be  calculated. 

Significant  (a  =  0.05)  embryo  malformations  occurred  in  the 
raw  and  buffered  groundwater  in  all  assays.  A  96-h  EC50 
(malformations)  of  89%  groundwater  by  volume  was  obtained  in  the 
second  test  at  pH  4;  96-h  EC50s  could  not  be  calculated  for  any 
of  the  other  tests .  The  NOECs  and  LOECs  for  the  four  groundwater 
tests  at  pH  4  were  10  and  18%  groundwater  by  volume, 
respectively,  in  the  first  three  tests  and  32  and  56%  groundwater 
by  volume  in  Test  No.  4.  The  NOECs  and  lOECs.for  the  four 
groundwater  tests  at  pH  7  were  all  18  and  32%  groundwater  by 
volume,  respectively.  With  the  exception  of  the  fourth  test,  the 
buffered  groundwater  was  less  toxic  than  the  raw  groundwater. 

For  some  unexplainable  reason,  the  raw  groundwater  was  less  toxic 
than  the  buffered  groundwater  in  Test  No .  4 . 

The  types  of  malformed  embryos  (as  described  by  Bantle  et 
al.,  1991)  after  96  h  of  exposure  in  raw  groundwater  were 
primarily  coiled  guts,  multiple  edema,  and  abdominal  edema. 
Severe,  notochordal  and  facial  malformations  were  also  observed 
in  <10%  of  the  total  malformations.  Fewer  malformations  were 
observed  in  the  buffered  groundwater  tests;  however,  the  same 
types  of  malformations  that  occurred  in  the  raw  groundwater  were 
observed  in  the  buffered  groundwater  assays  (primarily  coiled 
guts,  multiple  and  abdominal  edema  with  <10%  severe,  notochord, 
and  facial) .  The  incidences  of  malformations  were  greater  at  the 
higher  test  concentrations  in  both  the  raw  and  buffered 
groundwater. 

The  developmental  toxicity  found  in  the..  FETAX  assays  is  most 
likely  related  to  the  heavy  metals  present  in  the  groundwater. 
Several- heavy  metals,  including  copper,  cadmium,  and  zinc,  have 
been  shown  to  cause  developmental  problems  in  lower  vertebrate 
aquatic  organisms  (Weis  and  Weis,  1989).  Dawson  et  al.  (1985) 
found  that  mixtures  of  heavy  metals  (copper,  ca^ium,  lead,  and 
zinc)  from  acidic  mine  sources  caused  teratogenic  effects  and 
mortality  when  evaluated  by  FETAX.  When  the  pH  was  adjusted  from 
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lows  which  ranged  from  3.2  to  5.9  to  pH  1,  toxicity  and 
teratogenicity  decreased.  The  same  response  occurred  in  the 
present  study  with  the  exception  of  Test  No.  4  in  w^ich  the  raw 
groundwater  was  less  toxic  than  the  buffered  groundwater.  The 
possible  role  of  the  organics  in  the  groundwater  is  not  clear 
since  FETAX  data  do  not  exist  for  the  individual  materials 
(Bantle,  1994) . 

5.1.5  Chronic  Histopathology  and  Growth  Test 

The  mean  wet  weight  of  the  Japanese  medaka  after  6  months  of 
exposure  to  10%  groundwater  by  volume,  1%  groundwater  by  volume, 
and  diluent  water  was  487,  484,  and  477  mg,  respectively.  Mean 
standard  lengths  after  6  months  of  exposure  were,  31,  30,  and  3i 
mm,  respectively,  for  fish  exposed  to  10%  groundwater  by  yol^e, 

1%  groundwater  by  volume,  and  diluent  water.  Mean  wet  weights 
after  9  months  of  exposure  to  10%  groundwater  by  volume,  1% 
groundwater  by  volume,  and  diluent  water  were  584,  562, 
mg.  Mean  standard  lengths  after  9  months  of  exposure  were  33, 

32,  and  32  mm,  respectively,  for  fish  exposed  to  10-g  groundwater 
by  volume,  1%  groundwater  by  volume,  and  diluent  water. 

No  significant  difference  (a  =  0.05)  in  wet  weight  or 
standard  length  was  found  between  treatments  after  6  and  9  months 
of  exposure  (Table  2).  With  regard  to  the  9-month  length  data 
only,  a  statistically  significant  difference  (a  =  ... 

standard  length  was  found  using  the  nonparametric  pmskal  Walli 
test.  However,  when  Dunn's  multiple  comparison  test  was  used  to 
enumerate  the  difference  between  the  control  and  eac 
experimental  treatment,  no  statistically  significant  di 
(a  =  0.05)  was  found,  standard  length  was  judged  not  to  be 
affected  by  a  9-month  exposure  to  the  groundwater  because  1)^ 
Dunn's  test  could  not  discern  any  statistical  difference  (c  — 
0.05)  between  groups  and  2)  the  numerical  differences  between 
mean  lengths  in  the  study  groups  were  qpiite  small. 

The  cumulative  mortality  of  Japanese  medaka  during  the  9-^ 
month  study  is  shown  graphically  in  Figure  3.  Percent  cumulative 
mortality  is  given  in  Figure  4.  Cumulative  percent  mortality  at 
6  months  for  the  controls,  fish  exposed  to  1%  groundwater  by 
volume,  and  10%  groundwater  by  volume  was  4.5,  2.5,  and  2.1%, 
respectively.  Cumulative  percent  mortality  at  9  months  for  the 
controls,  fish  exposed  to  1%  groundwater  by  volume,  and  10% 
groundwater  by  volume  was  22.1,  11.7,  and  respectively.  To 

the  authors  knowledge,  there  are  no  test 

criteria  for  a  9-month  test.  If  one  uses  the  standard 

guide  mortality  acceptability  criteria  for  early  life  stage  (ELS) 
toxicity  tests  which  run  for  1-2  months  after  hatch  or  fry  swim- 
up,  the  mortality  observed  in  this  study  falls  within 
acceptability  criteria  (Goodman,  1986).  For  example,  the  ELS 
test  acceptability  criteria  for  all  eight  freshwater  species 
listed  in  the  draft  ASTM  standard  guide  (Japanese  medaka  are  not 
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histopathology  exposure  study. 


included  in  the  guide)  run  from  60-75%  (Goodman,  1986) .  That  is, 
for  a  test  to  be  acceptable,  60-75%  of  the  control  organisms  must 
be  alive  at  the  end  of  the  study  depending  on  the  species  being 
studied.  Excluding  fish  sacrificed  at  6  months,  77.9%  of  the 
control  Japanese  medaka  were  living  at  the  end  of  the  9-month 
period. 

The  histopathological  findings  for  the  6-  and  9-month 
exposures  are  described  in  detail  in  the  pathology  report  by 
Experimental  Pathology  Laboratories,  Inc.  (1994) .  Briefly,  the 
major  conclusions  of  the  histopathology  study  are  as  follows. 
After  6  months  of  exposure  to  control  water,  1%  groundwater  by 
volume,  and  10%  groundwater  by  volume,  liver  neoplasia 
(hepatocellur  adenoma  and  carcinoma)  occurred  only  among  Japanese 
medaka  that  had  been  previously  initiated  with  DEN.  Seven  of  40 
medaka  were  affected  in  the  fish  exposed  to  10%  groundwater  by 
volume  as  compared  to  2  of  40  among  the  controls  and  1  of  40 
Japanese  medaka  exposed  to  1%  groundwater  by  volume. 

After  9  months  of  exposure,  hepatocellular  adenomas  or 
carcinomas,  single  or  multiple,  occurred  in  DEN-initiated 
Japanese  medaka  that  had  been  exposed  to  control  water ,  1% 
groundwater  by  volume,  and  10%  groundwater  by  volume.  There  were 
as  many  neoplasms  among  the  controls  (8  of  122)  as  among  the  10% 
exposure  group  (8  of  144) .  There  were  two  liver  neoplasms  (1 
hepatocellular  adenoma  and  1  carcinoma)  in  Japanese  medaka 
exposed  to  10%  groundwater  by  volume  (no  DEN  exposure) .  Two 
additional  liver  neoplasms  not  related  to  hepatocytes  occurred  in 
the  DEN  10%  groundwater  by  volume  group.  One  was  a  cholangioma 
and  the  other  was  a  carcinoma,  cell  of  origin  unknown.  In  the 
DEN  1%  groundwater  by  volume  exposure  groups  there  were  five  (5 
of  144)  hepatocellular  neoplasms,  all  adenomas.  At  9  months 
there  was  no  dose— related  response  for  liver  neoplasia  in 
Japanese  medaka  exposed  to  groundwater. 

Other  neoplasms  that  occurred  sporadically  among  the  various 
exposure  groups  at  6  and  9  months  included  lymphosarcoma, 
seminoma,  thyroid  follicular  cell  adenoma,  thyroid  follicular 
cell  carcinoma,  hemangioma  of  the  gills,  and  a  gallbladder 
papilloma. 

Granulomatous  inflammation  of  the  subcutaneous  tissue  of  the 
lower  and/or  upper  jaw  occurred  in  small  numbers  of  male  fish  at 
6  months.  The  same  lesion  occurred  among  Japanese  medaka  of  all 
exposure  groups  at  9  months.  The  incidence  was  substantially 
greater  among  males  than  among  females.  For  example,  144  males 
overall  versus  17  females  were  diagnosed  with  granulomatous 
inflammation  of  the  lower  jaw.  Granulomatous  inflammation  or 
granulomas  occurred  in  a  variety  of  additional  tissues  among  all 
exposure  groups .  The  reason  for  the  higher  incidence  of . these 
lesions  in  males  versus  females  is  not  known.  Trauma  may  be  an 
initiating  factor  in  the  granulomatous  lesions  of  the  jaws,  but 
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the  reason  why  the  jaws  of  these  fish  should  be  traumatized  is 
not  known. 

Granulomas  in  the  heart,  hematopoietic  tissue,  liver,  and 
spleen  occurred  in  the  highest  incidence  in  the  controls  and  in 
the  lowest  incidence  in  Japanese  medaka  exposed  to  10% 
groundwater  by  volume.  The  reasons  for  this  lower  incidence 
among  fish  exposed  to  10%  groundwater  by  volume  as  compared  to 
the  controls  is  not  known. 

The  DEN-induced  hepatic  neoplasia  found  in  this  study  have 
been  observed  by  several  investigators  using  the  Japanese  medaka 
as  a  model  to  evaluate  carcinogenic  potential  of  selected 
chemicals  in  aquatic  organisms  (for  ex.,  Bunton,  1990;  Lauren  et 
al.,  1990;  Hinton  et  al.,  1988).  Protocols  for  studying  DEN 
hepatocarcinogenicity  vary  but  generally  involve  exposure  to  10- 
100  mg/L  DEN  in  ambient  water  for  several  days  or  weeks  followed 
by  several  weeks  for  tumor  development  (Hinton  et  al.,  1985). 

The  DEN  exposure  period  in  this  study  was  48  h,  which  is 
substantially  shorter  than  the  exposure  periods  normally  used  by 
other  investigators.  Ichikawa  and  Takayama  (1979)  have  shown 
that  the  length  of  exposure  and  length  of  grow-out  can  enhance 
hepatic  neoplasia  induced  by  DEN. 

Little,  if  any,  data  are  available  on  the  potential 
carcinogenicity  of  heavy  metals  to  the  Japanese  medaka  (Hawkins, 
1994) .  Similarly,  short-chain  halogenated  hydrocarbons  have 
received  little  study  relative  to  other  organic  groups,  e.g., 
nitroso  compounds,  polynuclear  aromatic  hydrocarbons,  and 
aromatic  amines  (Walker  et  al.,  1985).  1,1,2,2-Tetrachloroethane 
was  not  found  to  be  carcinogenic  to  Japanese  medaka  exposed  to 
concentrations  up  to  14  mg/L  in  a  recent  study  by  Hawkins  (1991) . 

5.1.6  Chemical  Analyses 

5. 1.6.1  Comprehensive  Chemical  Analyses 

A  summary  of  the  raw  groundwater  general  water  quality, 
heavy  metals,  and  volatile  organics  measured  in  the  samples  of 
the  four  bimonthly  comprehensive  chemical  analyses  is  given  in 
Table  3.  The  range  of  the  lowest  and  highest  concentrations  of 
the  four  analyses  is  presented.  The  comprehensive  results  of 
each  bimonthly  chemical  analysis,  including  the  values  for  100% 
groundwater,  10%  groundwater  by  volume,  1%  groundwater  by  volume, 
and  diluent  water  are  given  in  Appendix  1,  Tables  Al-1,  Al-2,  Al- 
3,  and  Al-4  for  Test  Nos.  1,  2,  3,  and  4,  respectively.  The 
tables  in  Appendix  1  include  the  test  method  and  detection  limit 
for  each  chemical.  In  contrast  to  Table  3,  which  contains  only 
the  range  of  materials  actually  measured  in  the  samples,  all 
materials  measured  and  quantified  as  well  as  materials  not 
detected  during  analysis  are  included  in  Appendix  1. 
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No  compounds  in  the  following  groups  were  detected  at  EPA's 
quantitation  limits  for  groundwater:  1)  acid  or  base/neutral 
compounds;  2)  pesticides;  3)  herbicides;  or  4)  organo-phosphorus 
pesticides.  The  following  munitions  were  not  detected  at  a 
quantitation  limit  of  50  Atg/L:  1)  octahydro-l,3,5,7-tetranitro- 
1,3,5,7-tetrazocine  (HMX) ;  2)  hexahydro-l,3,5-trinitro-l,3,5- 
triazine  (RDX) ;  3)  1,3,5-trinitrobenzene  (TNB) ;  4)  N,2,4,6- 
tetranitro-N-methylaniline  (tetryl) ;  5)  trinitrotoluene  (TNT) ;  6) 
2 , 4-dinitrotoluene  (2,4-DNT));  or  7)  2 , 6-dinitro-toluene  (2,6- 
DNT)  . 


The  general  water  chemistry  parameters  of  the  groundwater 
summarized  in  Table  3  show  that  the  groundwater  is  a  moderately 
hard  water  (hardness  =  170-230  mg/L  as  CaCOj) .  The  pH  of  3. 9-4.1 
is  low  relative  to  that  which  occurs  in  most  surfaces  waters. 

Some  surface  waters  high  in  tannic  acid  or  those  waters  impacted 
by  acid  rain  may  also  have  pH  values  in  the  same  range  (Baker  et 
al.,  1990).  Ammonia-nitrogen  was  <0.1  mg/L  in  all  samples;  thus, 
nonionized  ammonia  would  not  be  expected  to  play  a  role  in 
toxicity  (Thurston  et  al.,  1979). 

Several  EPA  priority  pollutant  heavy  metals  were  found  in 
the  groundwater  (Table  3) .  The  concentrations  of  cadmium, 
copper,  nickel,  and  zinc  exceeded  one  or  more  of  EPA's  numerical 
water  quality  criteria  for  the  specific  metal.  Cadmium,  nickel, 
and  zinc  concentrations  were  equal  to  or  exceeded  the  EPA 
freshwater  chronic  numerical  water  quality  criteria  of  1.1,  160, 
and  110  (hardness  dependent  criteria;  100  mg/L  as  CaCOj 

used),  respectively  (U.S.  EPA,  1980a;  1984a;  1987).  Zinc  also 
exceeded  the  freshwater  acute  criteria  of  120  ng/lj  (hardness 
dependent  criteria;  100  mg/L  as  CaCOj  used) .  Copper  exceeded 
EPA's  saltwater  acute  criterion  of  2.9  fig/L  (U.S.  EPA,  1984b);  a 
chronic  saltwater  copper  criterion  does  not  exist  (Potts,  1994) . 
Aluminum  was  also  present  at  high  concentrations  in  the 
groundwater;  however,  EPA  has  not  established  numerical  water 
quality  criteria  for  the  metal  in  freshwater  or  saltwater  under 
acute  or  chronic  exposure  conditions  (Potts,  1994) . 

A  nximber  of  chlorinated  aliphatic  compounds  were  found  in 
the  groundwater  (Table  3).  Several  of  the  organics  were  EPA 
priority  pollutants.  None  of  the  priority  pollutant  organics 
found  in  the  groundwater  currently  have  numerical  water  quality 
criteria  values  because  insufficient  data  exist  to  develop 
criteria  (Potts,  1994).  EPA  does  give  the  LOEC  for  several  of 
the  compounds  where  criteria  are  not  available.  1, 1,2,2- 
Tetrachlorethane  concentrations  found  in  the  groundwater  exceed 
the  EPA  freshwater  chronic  LOEC  of  2,400  iig/lti  no  freshwater 
acute  LOEC  is  given  by  EPA  (U.S.  EPA,  1980b).  None  of  the  10 
volatile  organics  found  in  the  groundwater  have  octanol  water 
partition  coefficients  (log  kj,„  or  log  P)  >3  (Table  4).  Thus, 
bioaccumulation  is  not  a  potential  toxicological  problem  (see 
Section  5.2.1). 
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TABLE  4.  LOG  OCTANOL  WATER  PARTITION  COEFFICIENTS  OF  THE 
ORGANIC  CONTAMINANTS  DETECTED  IN  WELL  CC-33B 


Contaminant 

Log  k^w 

Chlorobenzene 

2.8® 

Chloroform 

1.9*^ 

1,1, 2-Trichloroethane 

2.2*^ 

1,1,1, 2-Tetrachloroethane 

3.0® 

1,1,2, 2-Tetrachloroethane 

2.4*’ 

1, 1-Dichlorethene 

2.1® 

cis-1, 2-Dichlorothene 

1.8** 

Trichloroethene 

2.4** 

Tetrachloroethene 

2.9** 

Vinyl  chloride 

1.4® 

®  Value  taken  from  Howard  (1989) . 

**  Value  taken  from  U.S.  EPA  (1991b). 

®  Value  taken  from  Mackay  et  al.  (1993)  . 
**  Value  taken  from  Howard  (1990) . 


5. 1.6. 2  Routine  Water  Quality  Analyses 

The  raw  data,  mean,  and  standard  deviation  of  the  mean  for 
each  exposure  tank  in  the  chronic  histopathology  study  are  given 
in  Burton  et  al.  (1994) .  The  methods  for  determining  the  routine 
water  quality  are  also  given  in  Burton  et  al.  (1994) .  Some  of 
the  water  quality  parameters  varied  as  a  function  of  the  three 
treatments;  however,  water  quality  within  a  given  treatment  was 
quite  consistent  over  the  9-month  study.  The  continuous 
temperature  measurement  recorded  from  Tank  No.  3  during  the  9- 
month  study  verified  the  constant  temperature  conditions  which 
were  measured  daily  in  each  exposure  tank. 

5.2  Hazard  Assessment  Evaluation 

5.2.1  Toxicity 

As  discussed  in  Section  4.2,  the  ASTM  guide  recommends  a 
phased  hazard  iteration  process  (ASTM,  1992b) .  Phase  I  (low- 
cost)  ,  Phase  II  (medium-cost) ,  and  Phase  III  (high-cost) 
toxicological  data  collection/ iterations  were  all  conducted 
simultaneously  during  the  biomonitoring  evaluation  studies. 

Thus,  the  decision  that  normally  would  be  made  at  the  end  of  each 
phase  concerning  whether  or  not  the  potential  hazard  should  be 
assessed  as  either  1)  minimal,  2)  potentially  excessive,  or  3) 
uncertain  was  not  made  until  the  end  of  the  biomonitoring  study 
when  all  of  the  toxicological  studies  were  complete. 
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One  important  decision  regarding  bioaccxamulation  in  aquatic 
organSs“I=  made  at  the  end  of  Phase  I.  The  hazardoue  ^a^ 
metals  present  in  the  groundwater  (Table  3)  et 

to  any  degree  in  their  metallic  form  in  tissues  ( 
al.,  1993).  Some  heavy  metals  will  bioaccumulate  JJJ  ^  • 

of  benthic  organisms;  however,  bioaccumulation  in 
not  believed  to  interfere  with  the  normal  physiological  functio 
of  the  organisms.  With  regard  to  the  ^the 

present  in  the  groundwater,  the  log  K  s  (log  P)  ° ^  ^  ^ 

Lganics  are  <3  (Table  4).  Bioaccumulation  f  =100) 

100-fold  above  background  qq,  ,Jhus 

can  occur  when  the  log  -  3  (U.S.  EPA,  199  )•  ^ 

bioaccumulation  was  judged  not  to  be  an  issue  in  the  haz 

assessment. 

Toxicitv  was  detected  at  various  groundwater  concentrations 
by  alfof ihe  blLonitoring  systems  at  pH  4  «ith  the  exception  of 
tvo  assavs  (Section  5.1).  The  Ames  test  for  mutagenicity  was 
neqative^in  all  cases  including  100%  groundwater  as  was  the  - 
month  Japanese  medaka  chronic  growth  and 

Jo  inS  aroundwater  by  volume.  A  positive  response  was  found 

in  100%  grLndwater  in  the  SCE  assay  when  the 

wL  concentrated  «50,000X;  the  SCE  assay  was  negative  in  100% 
groundwater  which  was  not  concentrated.  Js  discussed  in  Section 
R  1  9  the  SCE  findings  for  concentrated  100%  groundwater  were 

nii'cinkS^efto  bfUortent  to  aquatic  organisms  in  the  near- 
field  of  the  groundwater  discharge. 

The  lowest  concentration  of  groundwater  that 
observable  adverse  effect  at  pH  4,  in  the  test  systems  in  which 
the  NOEC  value  could  be  determined,  was  10%  groundwater  by 
volume  A  NOEC  of  10%  groundwater  by  volume  occurred  in  3  ou 
Tints  in  both  cladoceran  and  FETAX  assays;  it  occurred  once 

in  tS  fithead  minnow  test.  The  NOEC  concentration  was  higher  at 
pH  7  in  both  the  fathead  minnow  and  FETAX  assays.  The  10% 
aroundwater  by  volume  NOEC  for  cladoceran  at  pH  4,  however,  did 
^orShlngfwhL  tororganism  was  exposed  to  buffered  groundwater 

at  pH  7. 

Maximum  acceptable  toxicant  concentrations  (I^TC) 
assessiLt  ?ASTM,  1992b) .  The  MATC  is 

of  a  material  that  would  have  no  statistically  significant 
oLer^e^Wect  on  the  survival,  9='^'',  or  reproduction  of  a 
test  species  during  continuous  exposure  throughout  a  life  cycfe 
orpart^ai  ?ife  cylle  test.  The  =!;°rt-term  chronic  tests  ^th 
the  green  alga  and  cladoceran  can  be  used  to  estimate  the  mTC 
fnr  a  ni ant  and  invertebrate  (Weber  et  al.,  1989).  Tne  green 

teS  il  a  SSi^eneration  assay.  The  cladoceran  test  is  a 
oartial  life  cycle  test.  The  MATC  for  the  alga  and  cladoceran 
would  be  18  and  10%  groundwater  by  volume,  respectively. 
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One  can  estimate  chronic  toxicity  by  calculating  the  acute- 
to-chronic  ratio  (ACR)  which  is  simply  the  ratio  of  the  LC50  to 
the  NOEC  (U.S.  EPA,  1991a).  The  ACRs  for  the  fathead  minnow  at 
pH  4  ranged  from  1.4  to  2.0  in  the  four  bimonthly  tests.  Thus, 
chronic  toxicity  of  the  groundwater  to  the  fathead  minnow  would 
be  estimated  to  be  «2-fold  greater  than  the  acute  toxicity.  The 
estimated  MATC  of  the  groundwater  to  the  fathead  minnow  would  be 
«11%  groundwater  by  volume.  Although  the  9“month  Japanese  medaka 
growth  test  is  not  a  partial  life  cycle  test  by  definition,  the 
groundwater  had  no  effect  on  Japanese  medaka  growth  or  chronic 
histopathology  at  10%  groundwater  by  volume  after  a  9-month 
exposure. 

The  estimated  MATCs  for  the  alga,  invertebrate,  and  fish  in 
the  biomonitoring  study  suggest  that  the  groundwater  would  not  be 
harmful  at  a  concentration  of  10%  groundwater  by  volume. 

Likewise,  no  genotoxicity ,  developmental  toxicity,  or  chronic 
histopathology  occurred  at  10%  groundwater  by  volume.  Thus,  the 
biomonitoring  data  suggest  that  chronic  toxicity  may  not  ^  occur  in 
the  receiving  stream  at  a  dilution  of  10:1.  Chronic  toxicity, 
however,  would  be  predicted  to  occur  in  the  Bush  River  if  the 
groundwater  entered  the  receiving  stream  at  the  concentrations 
which  occur  in  well  CC-33B. 

In  conclusion,  if  all  of  the  conservative  assumptions 
presented  in  Section  4.2  concerning  the  groundwater  are  assumed 
to  occur  (e.g.,  homogeneously  mixed  heavy  metals  and  DNAPLs,  no 
chemical  or  biotic  transformations  of  the  materials,  large 
release  volumes  through  the  sediments  to  the  Bush  River,  etc.), 
the  groundwater  would  be  considered  a  potentially  excessive 
hazardous  material  to  the  benthic  biota  of  the  Bush  River  (ASTM, 
1992b) .  The  hazard  to  water  column  aquatic  organisms  would 
rapidly  dissipate  as  the  materials  mixed  in  the  receiving  stream. 
We  argue  below  that  even  if  all  of  the  conservative  assumptions 
in  Section  4.2  for  the  groundwater  were  used,  that  potential 
water  quality  impacts  would  be  minimal  if  a  mixing  zone  was 
granted  by  the  State  of  Maryland  which  allows  for  local 
exceedences  of  water  quality  standards.  The  State  of  Maryland 
allows  on  a  case-by-case  basis  a  mixing  zone  where  acute  and 
chronic  water  quality  criteria  may  be  exceeded  (see  Section 
5.2.4).  Standards  for  a  mixing  zone  for  acute  and  chronic 
sediment  quality  do  not  currently  exist. 

5.2.2  Near-field  Dilution  in  the  Bush  River 

The  results  of  the  ULINE  near-field  model  study  are  given  in 
Najarian  Associates,  Inc.  (1994) .  A  copy  of  the  Najarian  report 
is  included  in  this  report  as  Appendix  2.  The  ULINE  near-field 
model  results  indicate  that  a  near— field  dilution  ratio  of  159:1 
is  appropriate  for  application  of  the  Maryland  Depairtment  of  the 
Environment's  (MDE)  acute  aquatic  life  toxicity  criteria.  The 
model  shows  that -a  far-field  dilution  factor  of  1,006:1  is 
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appropriate  for  application  of  chronic  toxicity  criteria.  A 
dilution  factor  of  159:1  means  that  when  1  part  of  Beach  Point 
groundwater  is  diluted  in  159  parts  of  Bush  River  water ,  MDE ' s 
acute  criteria  are  met  at  the  edge  of  the  acute  mixing  zone. 

MDE's  acute  and  chronic  aquatic  life  criteria  are  the  same  as 
those  derived  by  EPA.  Note  that  far- field  flushing  parameters 
are  not  included  in  the  ULINE  near-field  model.  When  near-field 
dilution  is  corrected  for  the  influence  of  far-field  flushing, 
the  resulting  total  near— field  dilution  ratios  will  decrease  (see 
below) . 

A  model  sensitivity  analysis  was  performed  to  evaluate  the 
effects  of  various  parameter  variations  on  the  near-field  ULINE 
model  output.  The  results  of  the  model  sensitivity  analysis  are 
given  in  Figures  2-6  of  the  Najarian  report  in  Appendix  2.  The 
sensitivity  analysis  showed  that  variations  in  groundwater 
discharge  will  change  the  dilution  ratios.  A  groundwater 
discharge  rate  of  1,176  mVd  (Section  4.2.3)  gives  a  dilution 
ratio  of  159.  A  higher  discharge  rate  of  2,160  mv^,  for 
example,  will  decrease  the  near— field  ratio  to  88.  The  length  of 
the  groundwater  discharge  in  the  Bush  River  affects  the  dilution 
ratio.  The  length  of  the  discharge  used  in  the  model  was  assumed 
to  be  448  m  (entire  length  of  Beach  Point  Peninsular) .  However, 
a  more  conservative  estimate  of  approximately  half  the  length  of 
the  peninsular  (i.e.,  224  m)  gives  a  near— field  dilution  ratio  of 
81;  a  length  of  approximately  one  third  gives  a  factor  of  54. 

The  sensitivity  analysis  also  showed  that  dilution  ratios  are 
somewhat  dependent  upon  the  assumed  discharge  depth,  are 
sensitive  to  ambient  current  speed,  and  relatively  insensitive  to 
salinity. 

The  total  near-field  dilutions  (near-field  dilution 
corrected  for  the  influence  of  far-field  dilution)  for  MDE's 
acute  toxicity  criteria  under  Spring  and  Fall  conditions  were  42 
and  43,  respectively.  The  total  near-field  dilutions  for  chronic 
toxicity  criteria  were  168  and  185,  respectively,  under  Spring 
and  Fall  conditions  (Appendix  2).  (As  discussed  in  Section  5.2.1 
above,  no  acute  or  chronic  toxicity  occurred  in  any  of  the 
biomonitoring  systems  at  a  dilution  of  10) .  Using  the  above 
total  near-field  dilution  factors,  near-field  concentrations  can 
be  estimated  for  toxicants  of  interest.  The  estimate  is  obtained 
by  dividing  the  groundwater  contaminant  concentration  by  the 
dilution  factor.  For  example,  using  the  Spring  dilution  factor 
of  42,  a  pollutant  concentration  of  42  would  be  diluted  to  1 

Mg/L  within  the  near-field  mixing  zone  limit  of  the  Beach  Point 
discharge  in  the  Bush  River.  Using  this  relationship,  the  near¬ 
field  concentrations  for  all  the  groundwater  contaminants  can  be 
calculated. 

The  computed  acute  and  chronic  dilutions  for  the  ^  highest 
concentration  of  each  heavy  metal  and  aliphatic  organic  measured 
in  well  CC-33B  (Table  3)  are  given  in  Table  5.  The  computed 
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TABLE  5.  COMPUTED  DILUTIONS  OF  THE  GROUNDWATER  METALS  AND 
ORGANICS  IN  THE  BUSH  RIVER® 


Contaminant 

Maximum 

Groundwater 

Concentration 

Bush 

River 

Acute‘s 

Concentration 

Chronic® 

Aluminum 

Heaw  Metals 

1,500 

35.71 

8.93 

Arsenic 

7 

0.17 

0.04 

Boron 

70 

1.67 

0.42 

Cadmium 

1.4 

0.03 

0.01 

Cobalt 

110 

0.19 

0.05 

Copper 

8 

0.19 

0.05 

Nickel 

180 

4.29 

1.07 

Zinc 

310 

7.38 

1.85 

Chlorobenzene 

Volatile  Oraanics 

2 

0.05 

0.01 

Chloroform 

12 

0.29 

0.01 

1,1, 2-Trichloroethane 

110 

2.62 

0.65 

1 , 1 , 1 , 2 -Tetrachloroethane  3 

0.07 

0.02 

1, 1,2,2 -Tetrachloroethane  17,000 

404.76 

101.19 

1, 1-Dichlorethene 

1 

0.02 

0.006 

cis-1 , 2-Dichlorothene 

640 

15.24 

3.81 

Trichloroethene 

1,600 

38.10 

9.52 

Tetrachloroethene 

90 

2.14 

0.54 

Vinyl  chloride 

2 

0.05 

0.01 

®  All  heavy  metal  and  volatile  organic  concentrations  are  given 
as  jug/L. 

Based  on  the  maximum  concentration  measured  during  the  four 
bimonthly  chemical  analyses  and  dilution  ratio  of  42:1  (see 
Section  5.2.2). 

^  Based  on  the  maximum  concentration  measured  during  the  four 
bimonthly  chemical  analyses  and  dilution  ratio  of  168:1  (see 
Section  5.2.2) . 


dilutions  for  both  the  acute  and  chronic  values  were  determined 
using  the  Spring  acute  and  chronic  dilution  factors  (i.e.,  42  and 
168) .  An  examination  of  the  results  in  Table  5  show  that  the 
expected  near-field  impacts  would  be  near  or  below  the  analytical 
method  detection  limit  for  most  of  the  contaminants.  For  the 
heavy  metals  and  organics  that  would  be  discharged  in  the  Beach 
Point  groundwater  under  the  worst-case  assumptions  of  this  hazard 
assessment,  the  analysis  suggests  that  on-site  contamination  will 
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not  produce  any  discernable  adverse  effect  on  the  water  quality 
of  the  Bush  River. 


5.2.3  Mixing  Zone  Consideration 

5. 2. 3.1  Mixing  Zone  Regulations 

The  State  of  Maryland  allows  for  a  mixing  zone  on  a  case-by¬ 
case  basis.  The  State  regulations  regarding  mixing  zones  are 
discussed  in  detail  in  the  report  by  Najarian  Associates, 

(1994) .  Briefly,  as  discussed  in  the  Najarian  report,  a  mixing 
zone  is  defined  by  the  State  of  Maryland  (COMAR  26. 08 . 01. OIB)  as 
”an  area  contiguous  to  a  discharge  where  surface  water  quality  or 
groundwater  quality  does  not  have  to  met:  (a)  all  water  quality 
criteria,  or  (b)  all  requirements  otherwise  applicable  to  the 
natural  water.”  That  is,  pollutant  concentrations  within  the 
mixing  zone  may  exceed  the  specified  water  quality  standards 
within  a  localized  vicinity  of  the  outfall.  The  dimensions  of 
the  zone  are  normally  comparable  to  those  associated  with  the 
initial  dilution  process  (e.g.,  10-100  m) .  Thus,  aquatic 
organisms  would  only  be  exposed  to  concentrations  exceeding  the 
specified  criteria  for  a  brief  period  during  a  transit  of  the 
mixing  zone.  COMAR  26.08.02;05A  further  states  that  mixing  zones 
may  be  allowed  only  if  they  meet  a  number  of  requirements  which 
ensure  that  no  interference  to  aquatic  ecosystem  uses  occurs  ^ 
outside  the  mixing  zone  (the  list  of  requirements  are  given  in 
Najarian  Associates,  Inc.,  1994). 

Four  types  of  numerical  toxic  substance  criteria  are 
promulgated  by  the  MDE:  1)  human  health  criteria  through 
ingestion  of  public  water  supplies;  2)  the  wholesoraeness  of  fish 
for  human  consumption;  3)  fresh,  estuarine,  and  salt  water 
aquatic  life  criteria  from  acute  toxicity  impacts;  and  4)  fresh, 
estuarine,  and  salt  water  aquatic  life  criteria  from  chronic^ 
toxicity  impacts.  For  the  purpose  of  applying  ni^erical  toxic 
substance  criteria,  the  Bush  River  Area  (Sub-Basin  02-13-07)  is 
classified  by  MDE  as  "freshwater”  (COMAR  26.08.02.03-lB)  and  as 
"Use  II”  (shellfish  harvesting  waters) .  The  toxic  svibstances 
criteria  for  both  ambient  surface  waters  ("freshwater”)  and  human 
health  ("fish  consumption”)  for  the  pollutants  in  well  CC-33B  at 
Beach  Point  are  given  in  Table  6.  Toxic  criteria  related  to 
drinking  water  do  not  apply  to  shellfish  harvesting  waters. 

The  following  regulations  (COMAR  26.08.02.050)  pertain  to 
the  application  of  toxic  substance,  chronic  criteria  for  the 
protection  of  aquatic  life.  First,  in  terms  of  size,  the 
Regulatory  Mixing  Zone  (i.e.,  the  mixing  zone  in  which  the 
chronic  criteria  are  applied)  may  not  exceed  10  percent  of  the^ 
cross-sectional  area  of  the  receiving  waters.  Also,  the  chronic 
criteria  are  applied  under  flow  conditions  determined  from  site- 
specific  data  for  the  mean  tide  level,  average  tidal  velocity. 
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TABLE  6.  APPLICABLE  TOXIC  SUBSTANCES  CRITERIA  FOR  THE  BUSH  RIVER  AND  A  COMPARISON  OF 
PROJECTED  NEAR-FIELD  GROUNDWATER  CONCENTRATIONS® 
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and,  when  appropriate,  the  design  stream  flow.  Based  on  MDE's 
discretion,  a  plume  dilution  study  may  also  be  required  for  the 
application  of  these  criteria.  In  accordance  with  COMAR 
26.08.02.06(a),  conditions  pertinent  to  the  application  of  toxic 
substance  chronic  criteria  are  also  relevant  to  the  application 
of  toxic  substance  human  health  criteria. 

The  following  regulations  (COMAR  26.08.02.05C)  pertain  to 
the  application  of  toxic  substance  acute  criteria  for  the 
protection  of  aquatic  life.  Such  acute  criteria  (for  low 
velocity  dischargers)  must  be  meet  within  a  short  distance  from 
the  outfall  using  the  most  restrictive  of  the  following: 

1)  Within  10  percent  of  the  distance  (in  any  spatial 
direction)  from  the  discharge  to  the  edge  of  the 
Regulatory  Mixing  Zone  used  for  the  application  of  the 
chronic  criteria. 

2)  Within  a  distance  of  50  times  at  the  "discharge  length 
scale"  (i.e.,  50  times  the  square  root  of  the  cross- 
sectional  area  of  the  discharge  outlet) . 

3)  Within  a  distance  of  5  times  the  local  water  depth  in 
any  horizontal  direction  from  the  discharge  outlet. 

Thus,  the  region  where  the  acute  criteria  are  applied,  sometimes 
called  the  "Toxic  Dilution  Zone",  extends  outward  from  the 
discharge  to  a  distance  no  larger  than  any  of  the  three  lengths 
cited  above.  Moreover,  the  Toxic  Dilution  Zone  must  not  occupy 
more  than  5  percent  of  the  cross-sectional  area  of  the  receiving 
waters.  Finally,  the  acute  criteria  are  applied  under  flow 
conditions  determined  from  site— specific  data  for  the  mean  low 
water  elevation,  the  minimum  daily  averaged  l“b  tidal  velocity 
and,  when  appropriate,  design  stream  flow  conditions.  Such  tidal 
stages  are  deemed  "critical"  (minimum  dilution)  conditions. 

5. 2. 3. 2  Site  Applicability 

The  regulatory  conditions  relevant  to  mixing  zones  were 
developed  for  outfall  diffusers.  Their  application  to  an  area¬ 
wide  groundwater  discharge  is  somewhat  uncertain  due  to  ^  the 
unknown  extent  of  the  area.  It  seems  likely  that  the  discharge 
area  is  confined  within  the  Regulatory  Mixing  Zone,  which  for 
Beach  Point,  extends  approximately  150  m  («500  ft)  from  the  river 
bank.  However,  the  extent  of  the  Toxic  Dilution  Zone  is  more^ 
poorly  defined  because  it  partially  depends  on  the  configuration 
of  the  groundwater  discharge.  Thus,  the  applicability  of  the 
mixing  zone  concept  must  be  further  examined. 

There  are  three  approaches  used  for  the  assessment  of  toxic 
substance  discharges  in  the  United  States  (U.S.  EPA,  1993b) .  The 
concept  of  a  mixing  zone  provides  an  intermediate  approach  to  the 
assessment  of  toxic  pollutant  impacts.  The  two  other  approaches 
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generally  in  use  are  "end  of  pipe"  and  "fully  mixed".  The  "end 
of  pipe"  approach  allows  for  zero  dilution;  aquatic  life  criteria 
are  applied  directly  to  the  discharge  water  quality.  This 
simplified  approach  yields  the  most  stringent  results  which,  in 
turn,  most  ensures  the  protection  of  aquatic  biota.  However,  as 
Najarian  Associates,  Inc.  (1994)  points  out,  it  may  lack  a 
physical  or  biological  basis  in  terms  of  receiving  water  impacts. 
Thus,  its  results  are  not  considered  to  be  defensible.  It  is 
effectively  a  non-technically  based  policy  decision. 

Conversely,  the  "fully  mixed"  (or  far-field)  approach 
considers  the  total  volume  of  a  receiving  water  segment  to  be 
instantly  available  for  the  dilution  of  a  discharge.  This 
approach  is  generally  far  less  stringent  than  the  "end  of  pipe" 
approach.  However,  it  may  not  adequately  address  biological 
impacts  in  the  receiving  water  due  to  near-field  conditions.  The 
concept  of  mixing  zones  evolved  to  address  these  limitations. 
Mixing  zones  allow  consideration  of  the  initial  dilution  process. 
This  approach  also  protects  aquatic  life  by  limiting  the 
potential  for  exposure  to  elevated  concentrations  to  minor 
portions  of  the  waterway.  Since  only  a  portion  of  the  available 
dilution  is  considered  in  this  approach,  mixing  zones  provide  a 
much  more  stringent  basis  for  regulation  than  the  "fully  mixed" 
approach. 

In  the  application  of  the  mixing  zone  concept  to  the  Bush 
River,  it  was  necessary  to  conceptualize  the  area-wide 
groundwater  discharge  from  Beach  Point  as  a  line  source 
(diffuser) .  Because  of  this  approach,  potential  impacts  could  be 
assessed  in  a  technically  defensible  manner.  However,  the 
approach  had  a  side  effect  of  concentrating  the  groundwater 
impact  into  a  smaller  area.  That  is,  the  approach  minimized  the 
available  near-field  dilution  and  projected  higher  receiving 
water  concentrations  than  would  actually  occur.  Thus,  the  mixing 
zone  analysis  produced  an  overly  conservative  result.  In  the 
near-field,  actual  receiving  water  concentrations  would  be  less 
than  those  projected  due  to  the  more  dispersed  nature  of  the 
groundwater  plume.  In  the  near-field,  projected  and  actual 
receiving  water  concentrations  should  be  comparable.  However, 
far-field  concentrations  would  always  be  less  than  the  near-field 
projections. 

5. 2. 3. 3  Conformance  with  Aquatic  Life  Criteria 

The  anticipated  near-field  receiving  water  concentrations 
are  compared  in  Table  6  with  the  water  quality  criteria  for  the 
contaminants  in  well  CC-33B.  As  can  be  seen  in  Table  6,  no 
exceedences  of  the  criteria  are  projected.  It  is  important  to 
point  out  that  no  exceedences  of  the  criteria  are  projected  for 
groundwater  discharge  pollutants  which  were  assumed  to  have  the 
highest  concentrations  measured  in  well  CC-33B.  The  assumption 
that  the  groundwater  discharge  would  have  concentrations  as  high 
as  those  in  well  CC-33B  is  very  conservative. 
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There  would  be  detectable  concentrations  of  some  of  the 
chlorlnSld  IrgLics  in  the  receiving  stream  if 
SstrSution  aLumptions  in  Section  4.2.4  are  used  in  the  near 
field  projection.  With  the  exception  of  ^  t 

human  health  fish  consumption,  the  State  of  Maryland 
tap?emerted  criteria  lor  the  remaining  organics  present  in  the 

groundwater . 

5. 2. 3. 4  Re-evaluation  of  Hazard  Assessment  Assumptions  as  an 

Alternative  to  a  Mixing  Zone 

It  is  argued  above  that  the  State  of  Maryland  consider 

?te  aSiSp4lon  that  rather  large  volumes  of  gtoundwater  witt  high 
d?scSSf  irlectionf  r“3"and"'4!2!rthe  vol^e  of  g^iun^ater 

of  the  assumptions  would  reduce  Jhe  volime  of  the  dischar^ 
well  as  the  concentration  of  contaminants  that  . 

receiving  stream.  Finally,  the  State  ®  ^ 

zone  for  a  groundwater  discharge  as  a  policy  to  redu 
contaminant  loading  in  the  Bush  River. 

A  better  estimate  of  the  discharge  rate  of  the  surficial 
amiifer  is  needed.  Several  of  the  conservative  assumptions 
ac^ifer  ^  o  concerning  the  discharge  rate  could  be 

?e^eva?uateS  ?o  oWain'b;tt“  elSS?es  that  coull  be  used  in  the 
S^SfSt^oalculation.  The  £°ll°«ii'g„ 

ieAgtS  of^BLch^Lint  ?eSnsuL^f?on?inf  Sf  BSsh°Ri?er? 

i3"'dHE-S=!s  ?L\^?llip!tS«  »«i:n 

Kh"SirseSnJs"?nrSfS^vM^ 

?:iorob?arSanslS?mSf  ollurf  IrTliS  -sumption  was  made 
Sat  the  hla^  metals  and  residual  DNAPLs  were  homogeneously 


mixed  throughout  the  complete  aquifer.  The  concentrations  of  the 
materials  in  the  shallow  and  intermediate  wells  clearly  show  that 
this  is  not  the  case.  Thus,  better  estimates  of  the  distribution 
(concentration)  of  the  materials  in  the  aquifer  are  needed.  This 
is  particularly  important  for  vertical  flux  estimates  of  the 
DNAPLs. 
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SECTION  6 


CONCLUSIONS 


6 . 1  Biomonitoring  Evaluation 

Several  EPA  priority  pollutant  heavy  metals  were  found  in 
the  groundwater.  The  concentrations  of  cadmium,  copper,  nickel, 
and  zinc  exceeded  one  or  more  of  EPA's  nximerical  water  quality 
criteria  for  the  specific  metal.  A  number  of  chlorinated 
aliphatic  compounds  were  also  found  in  the  groundwater,  several 
of  which  are  EPA  priority  pollutants.  None  of  the  priority 
pollutant  organics  found  in  the  groundwater  have  EPA  niunerical 
water  quality  criteria  values  because  insufficient  data  exist  to 
develop  criteria,  l, 1, 2 , 2-Tetrachlor ethane  concentrations  found 
in  the  groundwater  exceeded  EPA's  freshwater  chronic  K)EC  value. 
None  of  the  organics  found  in  the  groundwater  have  octanol  water 
partition  coefficients  (log  k^^  or  log  P)  >3;  thus, 
bioaccumulation  is  not  a  potential  toxicological  problem. 

Toxicity  was  detected  at  various  groundwater  concentrations 
by  all  biomonitoring  systems  at  pH  4  with  the  exception  of  two 
assays.  The  Ames  assay  for  mutagenicity  was  negative  in  all 
cases  (1,  10,  and  100%  groundwater  by  volume).  Japanese  medaka 
growth  was  not  affected  by  9  months  of  exposure  to  1  and  i0% 
groundwater  by  volume  in  the  chronic  histopathology  assay.  No 
significant  lesions  were  found  in  the  Japanese  medaka  exposed  to 
groundwater  concentrations  up  to  10%  groundwater  by  volume.  A 
positive  response  was  found  for  100%  groundwater  m  the  SCE  assay 
when  the  groundwater  sample  was  concentrated  »50,000X.  The  SCE 
assay  was  negative  for  unconcentrated  100%  groundwater.  The 
positive  SCE  response  in  the  50,000X  concentrated  sample  was 
judged  not  to  be  important  to  aquatic  organisms  in  the  vicinity 
of  the  groundwater  discharge. 

The  lowest  concentration  of  groundwater  that  caused 
observable  adverse  effect  at  pH  4,  in  the  test  systems  in  which 
the  NOEC  value  could  be  determined,  was  10%  groundwater 
volume.  A  NOEC  of  10%  groundwater  by  volume  occurred  in  3  out  of 
4  tests  in  both  the  cladoceran  and  FETAX  assays;  it  occurpd  once 
in  the  fathead  minnow  test.  The  NOEC  concentration  was  higher  at 
pH  7  in  both  the  fathead  minnow  and  FETAX  assays.  The  10% 
groundwater  by  volume  NOEC  for  cladoceran  at  pH  4,  however,  did 
not  change  when  the  organism  was  exposed  to  buffered  groundwater 

at  pH  7. 

The  data  for  the  alga,  invertebrate,  and  fish  in  the 
biomonitoring  study  suggest  that  the  groundwater  would  not  be 
harmful  at  a  concentration  of  10%  groundwater  by  volume. 

Likewise,  no  genotoxicity,  developmental  toxicity,  or  chronic 
histopathology  occurred  at  10%  groundwater  by  volume.  Thus,  the 
biomonitoring  results  suggest  that  chronic  toxicity  may  not  occur 
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in  the  reoeivinq  stream  at  a  dilution  of  10:1.  Chronic  toxicity 
icuW  bro?Sirted  tl  occur  in  the  Bush  River  if  the  groundwater 
:nS«ef  torricetving  stream  at  the  concentrations  which  occur  rn 

well  CC-33B. 

6 . 2  Hazard  Assessment  Evaluation 

The  aroundwater  may  be  considered  a  potentially  hazardous 
material  tS  tlirbenthic  biota  of  the  Bush  River  when  consecutive 
groundwater  assumptions  are  used  (e.g.,  homogeneously  mixed  heavy 
metals  and  chlorinated  organics,  no  chemical  the 

transformations  of  the  DNAPLs,  large  release 
sediments  to  the  Bush  River,  etc.).  The  ^^ter 

aquatic  biota  would  rapidly  dissipate  as  the 
materials  are  mixed  in  the  receiving 

Dotential  water  quality  impacts  were  judged  to  be  minicr/ 
mixinq  zone  approach  by  the  State  of  Maryland  which  allows  for 
?icS®exSeldSlL  of  wLer  quality  standards  may  be  pursued. 

The  near-field  (ULINE  model)  and 
models  screening  level  dilution  models  suggested  that  a  total 

near-keld  dilution  of  approximately  42:1  f^  the 

Maryland’s  acute  aquatic  li^  criteria  and  a  f 

1  nf  168*1  for  the  application  of  chronic  criteria  would 

occur  in  the  Bush  River.  Thus,  contamCants  introduced  via  Beac 
Point  groundwater  into  Bush  River  recede?  « 

concentration  of  42  ^ig/L  would  be  diluted  lo^Hy  to  a 

concentration  of  approximately  1  Mg/L  Point  none 

factors  were  applied  to  groundwater  quality  at  Beach  Point,  none 
S  tS^h^a^^  mILls  or  chlorinated  aliPhjtic  compounds  exceeded 
Marvland's  current  acute  or  chronic  aquatic  life  criteria, 
dilution  study  showed  that  detectable  concentrations  of  some  of 
Se  ch?Sr&  organics  would  occur  in  the 
the  conservative  assumptions  concerning  the  groundwater 
contaminants  were  used  in  the  model. 

Although  an  argument  can  be  made  for  a  mixing 
highly  unliLly  that  the  contaminant 

field  dilution  model  will  ever  occur  in  t^®. ^esJ^ent 
conservative  assumptions  that  were  used  in  the  hazard  assessment 
should  be  evaluated  further  before  a  decision  is  made  ^hat  the 
groundwater  entering  the  Bush  River  is  an 

and  thus  a  mixing  zone  should  be  considered.  A  refinement  of 
th^  assumptions  would  reduce  the  uncertainty 

of  the  discharge  as  well  as  the  concentration  of  contaminant 
that  may  enter  the  receiving  stream. 
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APPENDIX  1 


COMPREHENSIVE  CHEMICAL  ANALYSES  CONDUCTED  ON  RAW 
(pH  «4)  BEACH  POINT  GROUNDWATER  (WELL  CC-33B) 
AND  CHRONIC  HISTOPATHOLOGY  EXPOSURE  TANKS 
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RESULTS  OF  THE  APG-EA  BEACH  POINT  GROUNDWATER  AND  DILUENT  WATER 
COMPREHENSIVE  CHEMICAL  ANALYSES  (TEST  NO.  1)  -  GENERAL  WATER  QUALITY' 
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(CONTINUED)  -  NITROGEN  AND  PHOSPHOROUS-CONTAINING  PESTICIDES  CON'T 
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(CONTINUED)  -  HERBICIDES  AND  ORGANOPHOSPHORUS  PESTICIDES 


(CONTINUED)  “  ACID  COMPOUNDS 


RESULTS  OF  THE  APG-EA  BEACH  POINT  GROUNDWATER  AND  DILUENT  WATER 
COMPREHENSIVE  CHEMICAL  ANALYSES  (TEST  NO.  3)  -  GENERAL  WATER  QUALITY' 
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(CONTINUED)  -  VOLATILES 
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(CONTINUED)  -  BASE/NEUTRAL  COMPOUNDS 
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(CONTINUED)  -  BASE/NEUTRAL  COMPOUNDS  CON'T 
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(CONTINUED)  -  PESTICIDES 
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TABLE  Al-3.  (CONTINUED)  -  HERBICIDES  AND  ORGANOPHOSPHORUS  PESTICIDES 
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(CONTINUED)  -  ACID  COMPOUNDS 


Al-4.  RESULTS  OF  THE  APG-EA  BEACH  POINT  GROUNDWATER  AND  DILUENT  WATER 

COMPREHENSIVE  CHEMICAL  ANALYSES  (TEST  NO.  4)  -  GENERAL  WATER  QUALITY 
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APPENDIX  2 


SCREENING-LEVEL  ASSESSMENT  OF  THE  NEAR-  AND  FAR-FIELD 
DILUTION  OF  THE  SURFICIAL  GROUNDWATER  DISCHARGE 
FROM  BEACH  POINT  INTO  THE  BUSH  RIVER 


A2-1 


FINAL  REPORT  -  JOB  1437 


SCREENING- LEVEL  ASSESSMENT  OF  THE 
NEAR-FIELD  DILUTION  OF  GROUNDWATER 
DISCHARGES  FROM  THE  BEACH  POINT  SITE 


Prepared  fon 
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executive  summary 


.  ..ss  .e  :: : 

3,  HPA-app.cvea  ne..eM 

Harford  count,.  Maryl^  '  ^  ^.e  APG  site,  m  model 

““del  a  conse^dve  assessment  of  receiving 

approach  and  mput  was  ,,,„ear-field  dilation  level  of  approximately  42:1 

«ater  impacts.  This  analysis  suK«  ^  approximately 
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1.  INTRODUCTION 


1.1  Background 

The  U.S  Army  Aberdeen  Proving  Ground  (APG)  is  located  between  the  Bush  River  and 
the  Upper  Chesapeake  Bay  in  Harford  County,  Maryland.  Currently,  the  U.S.  Army 
Biomedical  Research  and  Development  Laboratory  (USABRDL)  is  conducting 
biomonitoring  evaluation  studies  of  groundwater  contamination  at  the  APG  site.  To 
complement  such  studies,  the  USABRDL  requires  information  regarding  potential 
impacts  of  such  groundwater  contamination  on  Bush  River  water  quality.  Such  impacts 
depend  upon  the  ability  of  these  receiving  waters  to  mbc  and  dilute  contaminants 
introduced  by  groundwater  sources.  Accordingly,  Najarian  Associates,  Inc.  was 
contracted  by  the  USABRDL  to  conduct  preliminary  model  studies  of  groundwater- 
plume  dilution  in  the  Bush  River. 

The  initial  dilution  of  groundwater-discharge  plumes  depends,  in  part,  upon  the  physical 
characteristics  of  both  the  source  and  the  ambient  receiving  waters.  These 
characteristics  include  the  quantity/quality  of  the  discharge,  the  geometrical 
configuration  of  the  source,  the  ambient  current  speed,  the  ambient  density  stratification, 
and  the  water  depth.  These  latter  three  factors  control  the  near-field  mixing  of 
discharged  constituents  with  surrounding  receiving-waters,  primarily  through  the 
mechanisms  of  plume  buoyancy  and  initial  discharge  monientum.  Typically,  all  such 
factors  are  incorporated  into  plume-dilution  models,  including  simplified  "saeening- 
level"  approaches. 
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12  Objectives 

The  basic  goal  of  this  study  is  to  estimate,  using  EPA-approved  screening-level 
techniques,  the  initial  ("near-field")  dilution  and  flushing  rate  ("far-field"  dilution)  of 
groundwater  discharge  plumes  within  the  adjacent  surface  waters.  Such  an  assessment, 
when  combined  with  relevant  discharge  concentration  data,  would  provide  first-order 
estimates  of  resulting  near-field  concentrations  —  receiving-water  concentrations  that 
would  be  expected  over  relatively  short  distances  from  the  discharge  site  (e.g.,  ones,  tens 
and  hundreds  of  meters)  and  over  short  time  periods  (e.g.,  seconds  and  minutes).  Our 
second  objective  is  to  compute  such  concentrations  for  selected  toxic  constituents  and  to 
compare  the  results  to  available  baseline  data.  As  a  result,  potential  water  quality 
impacts  may  be  quantified.  A  third  study  goal  is  to  assess  the  applicability  of  a 
"regulatory  mixing  zone"  —  a  localized  discharge  zone  in  which  local  water  quality 
standards  may  be  exceeded.  Such  zones  are  routinely  allowed  for  wastewater  treatment 
plant  discharges.  If  applicable  to  the  subject  groundwater-discharge  plume,  a  mixing 
zone  may  allow  for  local  exceedences  of  water  quality  standards. 

13  Study  Area 

The  goals  and  procedures  outlined  above  are  based  on  relevant  characteristics  of  the 
stucfy  area.  Surface  elevations  at  the  APG  Beach  Point  site  lie  approximately  14.5  feet 
above  sea  level.  An  imsaturated  zone  occurs  from  elevation  14.5  ft  down  and  at  depths 
as  shallow  as  1  ft  The  site  is  underlain  by  an  impermeable  clay  lens  located  at  a  depth 
ranging  from  approximately  70  feet  to  120  ft  A  lower  confined  aquifer  known  as  the 
Canal  Creek  Aquifer  occurs  below  the  upper  confining  unit. 

The  Bush  River  is  a  relatively  small  and  shallow  tributary  estuary  located  on  the  western 
shore  of  the  Upper  Chesapeake  Bay  (Figure  1).  The  Bush  River  has  a  length  of 
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(duds)  may  exist  within  the  . limits  of  the  Restricted 
Airea 

The  following  water  areas  are  closed  to  the  public 
at  all  times;  Navigation  Regulations  204J30  -  (d)(1); 
(see  rtote  A): 

Spesutie  Narrows  -  all  waters  north  and  east  of  a 
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The  waters  adjacent  to  Carroll  Island  which  lies 
between  Brier  Point  and  Lower  Island  .  Point  also 
known  as  Hawthorne  Cove; 

The  waters  immediately  off  the  mouth  of  Romney 
Creek; 

The  waters  adjacent  to  Abbey  Point  Recovery 
Field  more  accurately  described  as  area  number  16. 
depictecf  in  Aberde^  Provmg  Ground  Regulation 
210-10,  Appendix  A. 

The  waters  on  the  north  side  of  the  Bush  River 
from  Pond  Point  to  Chelsea  Chimney  are  closed  for 
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approximately  14  km.  Bush  River  MLW  depths  generally  increase  from  an  approximate 
0.9-1 .5  m  range  (near  the  head)  to  a  2.7-4.0  m  range  (near  the  mouth).  The  average 
Mean-Low-Water  (MLW)  depth  is  approximately  2  m.  The  average  annual  freshwater 
discharge  to  the  Bush  River  from  its  3l6-km^  drainage  area  is  only  about  4.7  m  /sec 
(Pritchard,  1976). 

Bush  River  tides  are  predominantly  semi-diurnal  (NOAA,  1978),  with  a  mean  range  at 
Pond  Point  of  0.4  m  and  a  spring  range  of  approximately  0.5  m  (NOS,  1993a).  Inside 
the  entrance  to  the  Bush  River,  about  2  miles  south  of  Beach  Point,  average  maximtim 
tidal  current  speeds  are  approximately  0.3  m/sec  (1.0  ft/secj  NOS,  1993). 

The  MLW  volume  of  the  Bush  River  is  approximately  6.0x10^  m^;  the  inter-tidal  volume 
(i.e.,  the  "tidal  prism")  is  about  1.2x10^  m^  (Pritchard,  1976).  Thus,  the  inter-tidal 
volume  comprises  a  relatively  large  fraction  (approximately  20%)  of  the  River's  MLW 
volume.  In  contrast,  the  mean  runoff  volume  per  day  (4.1x10®  mVday)  corresponds  to 
a  relatively  small  fraction  of  the  River's  MLW  volume.  Pritchard  (1976)  estimates  that 
the  MLW  volume  corresponds  to  approximately  150  days  of  mean  freshwater  inflow. 

Due  to  its  relatively  small  areal  extent,  depth,  and  freshwater  inflow,  the  Bush  River 
typically  exhibits  relatively  small  horizontal  and  vertical  salinity  gradients  (Carter, 
1976).  For  example,  observations  of  system-wide  salimty  variations  of  only  3  ppt  are 
reported  in  the  Bush  River  (Martin  Marietta,  1986j  Carter,  1976).  The  longitudinal 
salinity  difference  is  controlled  primarily  by  the  adjacent  Chesapeake  Bay  salinities  and 
secondarily  by  freshwater  inflows  to  the  Bush  River  from  Otter  Point  Creek  (Carter, 
1976).  Consequently,  Bush  River  salinities  do  not  always  decrease  monotonically  in  a 
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landward  direction.  Intratidal  variations  of  Bush  River  salinities  range  from 
approximately  0.5  ppt  near  the  mouth  to  near  zero  at  the  head  (Carter,  1976). 

Susquehanna  River  inflows  to  the  Upper  Chesapeake  Bay  influence  the  salinity 
distribution  and  circulation  of  the  Bush  River  and  other  small  tributary  estuaries 
(Pritchard,  1976).  As  noted  by  Pritchard  (1969),  salinities  of  these  embayments  are 
controlled  largely  by  the  relatively  low  salinities  of  the  Upper  Bay  and  by  Upper  Bay 
variability.  For  example,  Martin  Marietta  (1986)  reports  observations  of  Bush  River 
salinities  varying  from  0.7  ppt  (at  the  River’s  head-of  tide)  to  3.7  ppt  (at  River  mouth), 
consistent  with  prevailing  local  Bay  salinities.  However,  the  salinity  of  the  Upper  Bay 
and  its  tributaries  also  varies  in  response  to  seasonal  changes  in  Susquehanna  River 
flows,  as  described  by  Pritchard  (1976). 

During  the  autumn,  when  Susquehanna  River  flows  are  relatively  low.  Upper 
Chesapeake  Bay  salinities  are  constant  or  slowly  increasing.  At  this  time,  the  local 
freshwater  inflow  to  the  Bush  River  may  be  sufficient  to  set  up  an  estuarine  type 
gravitational  circulation,  with  a  net  outflow  of  fresher  surface  waters  and  net  inflow  of 
more  saline  bottom  waters.  During  the  spring  freshet,  when  salinities  of  the  Upper  Bay 
decrease  over  time,  corresponding  salinities  of  the  tributary  embayments  (e.g.,  the  Bush 
River)  are  relatively  high.  Consequently,  a  reverse  estuarine  circulation  pattern  may 
develop,  with  a  net  bottom  outflow  of  more  saline  water  from  the  River  to  the  Bay 
proper,  and  a  net  surface  inflow  from  the  Bay  proper  into  the  River.  Such  seasonal 
gravitational  circulation  patterns  enhance  the  flushing  of  the  Bush  River  and  other 
tributary  embayments.  Thus,  the  available  far-field  dilution  would  be  greater  at  these 
times. 
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The  Bush  River  at  the  Beach  Point  site  is  classified  as  a  Designated  Use  Ih  Shellfish 
Harvesting  Waters  (COMAR  26.08.02.02B)  —  an  actual  or  potential  area  for  shellfish 
propagation.  Approximately  one  mile  upstream  from  Beach  Point,  the  Bush  River 
classification  changes  to  Designated  Use  /:  Water  Contact  Recreation,  and  Protection  of 
Aquatic  life  (i.e.,  the  basic  swimmable/fishable  classification). 

Toxic  water  quality  conditions  in  the  Bush  River  are  reported  in  a  recent  study  of 
contaminants  in  Chesapeake  Bay/Tributary  sediments  conducted  by  the  Maryland 
Department  of  the  Environment  (Eskin  et  al.,  1994).  The  MDE’s  toxics  monitoring 
program  includes  a  Bush  River  sampling  station  near  Gum  Point  (Figure  1,  39°26’06"N, 
76°14’36"W),  approximately  5  km  (3  miles)  north  of  the  Beach  Point  site.  Annual 
(1988-91)  sediment  metals  concentrations  for  this  stations  are  reproduced  below  in 
Table  1;  individual  observations  of  sediment  PAH  and  TOC  for  1991  are  reproduced  in 
Table  2.  In  the  tables,  both  the  No  Observable  Effect  Level  (NOEL)  and  the  Probable 
Effects  Level  (PEL)  are  listed  for  each  parameter,  where  available.  Such  levels  provide 
guidance  regarding  the  potential  toxicity  of  these  parameters  (MacDonald,  1993). 

As  indicated  in  the  MDE  report,  most  sediment  concentrations  observed  in  the  Bush 
River  fall  above  the  NOEL  but  below  the  PEL.  Thus,  toxic  effects  due  to  each  trace 
metal  are  unlikely  (individually).  However,  compared  to  other  tributary  stations,  the 
Bush  River  Nickel  levels  are  somewhat  high. 

Where  sediment  quality  guidelines  are  available,  the  data  also  suggest  that  toxicity  due 
to  individual  PAH  and  TOC  compounds  is  unlikely.  In  fact,  most  Bush  River  PAH 
concentrations  observed  in  the  MDE’s  1991  survey  fall  below  the  corresponding  NOELs. 
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TABLE  1;  SEDIMENT  METAL  CONCENTRATIONS  IN  THE  BUSH  RIVER 


Parameter 

Guideline  Limits  (ppm) 

Observed  Cona 

jntrations  (ppm) 

NOEL  PEL 

1988 

1989 

1990 

1991 

As 

8 

64 

34.37 

45.80 

38.30 

19.70 

Cd 

1 

7.5 

0.01 

0.15 

0.40 

0.50 

Cr 

33 

240 

68.92 

69.00 

82.00 

59.00 

Cu 

28 

270 

43.32 

45.00 

47.50 

40.00 

Pb 

21 

160 

42.25 

66.00  n 

42.60 

54.00 

Hg_ _ 

0.1 

1.4 

0.099 

7Q 

0.244 

57  00 

0.150  1 

47.10 

0.190 

52.00 

Ni 

Zn 

68 

300 

205.0 

216.0 

222.3 

189.0 

TABLE  2:  SEDIMENT  PAH  AND  TOC  DATA  FOR  THE  BUSH  RIVER 
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2.  NEAR-FIELD  MODEL  STUDY 


2.1  Approach 

In  this  preliminary  assessment,  the  impact  of  groundwater  emanating  from  the  APG 
site  was  evaluated  based  on  the  potential  dilution  available  within  the  Bush  River. 
Within  the  near-field,  it  is  postulated  that  a  groundwater  plume  intersects  the 
channel  of  the  Bush  River  and  seeps  into  this  River  as  a  submerged  buoyant  plume. 
Based  on  the  available  geologic  information  about  the  APG  site,  it  is  also  postulated 
that  the  discharge  from  the  surface  aquifer  is  limited  to  a  relatively  narrow  band 
that  parallels  the  interface  between  the  Bush  River  and  the  subject  APG  site.  As 
this  groundwater  plume  is  less  dense  (less  saUne)  the  adjacent  estuarine  water,  it 
would  rise  and  subsequently  mix  with  the  ambient  receiving-waters.  Thus,  it  is 
diluted  through  mechanisms  of  buoyancy-based  entrainment  and  mixing  associated 
with  ambient  currents. 

These  same  physical  mechanisms  are  known  to  dilute  effluent  plumes  discharged 
from  the  outfall  diffusers  of  wastewater  treatment  plants  (WWTP)  and  electrical 
generation  facilities.  Thus,  the  dilution  of  groundwater  emanating  from  the  APG 
site  be  conceptualized  as  the  dilution  of  the  discharge  from  a  line  diffuser.  This 
approach  allows  the  near-field  impact  of  this  groundwater  discharge  to  be  simulated 
using  established  plume-dilution  models  that  have  been  developed  primarily  for 
such  outfall  diffusers. 

The  limitations  of  this  approach  are  twofold.  First,  most  plume-dilution  models  also 
simulate  momentum-based  entrainment,  a  phenomenon  that  has  a  negligible  effect 
upon  the  groundwater  plume.  Therefore,  the  port  configuratiqn  on  the 
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conceptualized  line  diffiiser  must  be  set  to  minimize  initial  momentum.  Secondly, 
the  conceptualization  of  the  groundwater  discharge  surface  as  a  line  diffuser  will 
concentrate  the  plume’s  impact  within  the  near-field  condition.  As  this  effect 
reduces  the  dimensions  of  the  near-field  plume  and  the  calculated  levels  of  dilution, 
the  model  result  will  provide  a  conservative  estimate  of  field  conditions. 

22  Near-Field  Model  Selection 

A  series  of  EPA-approved,  plume-dilution  models  for  surface  waters  are 
documented  in  "Initial  Mixing  Characteristics  of  Municipal  Ocean  Discharges"  by 
Muellenhoff  et  al.  (EPA/600/3-85/073a,  1985)  and  by  reviewed  by  Alam  et  al. 
(1982).  These  models  provide  a  convenient  and  accepted  choice  of  screening-level 
techniques.  As  noted  above,  such  models  are  usually  applied  to  discharges  from  line 
sources  such  as  outfall  diffuser  manifold  legs.  In  the  present  case,  however,  the 
subject  discharges  are  emanating  primarily  from  the  adjacent  stream  bed. 

While  aU  EPA-approved  plume  models  can  be  run,  ULJNE  is  preferred  for  dilution 
calculations  since  it  is  based  directly  on  laboratory  experiments  and  has  proved  it  s 
usefulness  in  recent  outfall  studies  conducted  throughout  the  U.S.(e.g.,  Najanan 
Assoc.,  1990).  The  ULINE  model  also  neglects  initial  discharge  momentum, 
consistent  with  the  problem  at  hand. 

Typically,  outfall  dilution  studies  are  conducted  under  "critical"  (minimum-dilution; 
Tetratech,  1982)  conditions.  These  conditions  are  defined  as  lowest  lOth-percentile 
ambient  currents,  and  highest  lOth-percentile  ambient  density  stratification 
conditions.  However,  Maryland  regulations  require  that  the  acute  toxicity  criteria 
be  applied  under  conditions  of  mean  low  water  and  "minimum  daily^  averaged 
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l-hour  tidal  velocity”  (COMAR  26.08.02.05C);  chronic  criteria  are  appUed  under 
conditions  of  mean  water  level  and  average  tidal  velocity  (COMAR  26.08.02.05D). 
Thus,  the  input  data  for  the  selected  near-field  model  (UUNE)  should  reflect  these 

required  conditions. 

To  adapt  UUNE  to  the  study  area,  an  input  of  site-specific  data  is  required.  Such 
model  input  data  fall  into  three  categories:  (1)  groundwater  discharge  parameters; 
(2)  receiving-water  parameters;  and  (3)  outfall  diffuser  parameters.  The  selection 
of  such  parameters  is  described  below: 

23  Estimation  of  Groundwater  Input  Parameters 

Information  relating  the  site’s  local  geology  and  hydrogeologic  conditions  was 
obtained  from  previous  studies  by  Jacobs  Engineering  Group  and  K-V  Associates, 
Inc.  (1994).  These  studies  indicate  that  subsurface  flows  within  the  surficial  aquifer 
are  bounded  by  a  sub-surface  clay  layer  and  that  the  portion  of  the  aquifer 
underlying  the  Beach  Point  peninsula  is  both  homogeneous  and  isotropic.  On-site 
data  indicates  that  the  dominate,  long-term  groundwater  flow  direction  would  be 
down-gradient  towards  the  Bush  River. 

Based  on  K-V  Associates  measurements  and  Jacobs  Engineering  calculations 
(Jacobs  Engineering  Group,  1994),  the  average  saturated  thickness  of  the  surficial 
aquifer  at  the  Beach  Point  peninsula  is  approximately  18.8  m  (61.8  ft).  Also,  the 
Bush  River  frontage  along  the  subject  peninsula  is  approximately  448  m  (1,470  ft). 
Approximately  366  m  (1,200  ft)  of  frontage  is  directed  in  a  northeast  direction; 
approximately  82  m  (270  ft)  of  the  northern  peninsula  terminus  is  directed  m  a 
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northwest  direction.  Thus,  the  cross-section  area  of  the  saturated  aquifer  that 
parallels  the  Bush  River  is  approximately  8,423  (90,846  ft^). 

As  conditions  within  the  surficial  aquifer  are  homogeneous  and  isotropic,  horizontal 
velocity  measurements  at  a  single  location  may  be  used  to  evaluate  the  aquifer 
discharge.  K-V  Associates  measured  a  25-hour  average  horizontal  velocity  of  0.27 
m/day  (0.89  ft/day)  at  a  15-m  deep  well  site  located  near  the  middle  of  the  Beach 
Point  Peninsula.  This  flow  was  directed  61.8°  northeast  of  magnetic  north, 
approximately  24°  riverward  from  the  main  peninsula  axis.  Note  that  the  above 
velocity  measurement  is  a  24-hour  average  value  (discounting  short-term 
fluctuations  due  to  tidal  influences). 

Jacobs  Engineering  estimates  the  groundwater  seepage  rate  to  be  0.0136  m^/sec 
(41,509  ftVday).  This  estimate  utilizes  the  directional  component  of  the  horizontal 
velocity  that  is  orthogonal  to  the  Bush  River  frontage.  That  is,  the  measured 
horizontal  velocity  (i.e.,  0.27  m/day)  is  multiplied  by  a  sin(24°)  factor  along  the  366 
m  (1,200-ft)  frontage: 

Discharge  =  (0.27  m/day  velocity)(sin24°)(18.8  m  depth)(366  m  frontage) 

4-  (0.27  m/day  velocity)(18.8  m  depth)(82  m  frontage) 

=  0.0136  mYsec 

2.4  Ambient  Receiving  Water  Input 

Information  relating  the  hydrographic  conditions  within  the  Bush  River  were 
obtained  from  a  review  of  the  NOAA  Tidal  Current  Table  data,  NOAA  navigation 
charts,  and  previous  studies  of  the  Bush  River  by  Martin  Marietta  (1986). ' 
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Ambient  Current  Velocity  in  Bush  River 

A  review  of  the  NOAA  Tidal  Current  Table  data  at  a  location  of  0.6  km  southwest 
of  Bush  Point  indicates  that  the  maximum  flood  velocity  is  0.305  m/sec  (1.0  ft/sec  or 
0.6  knot).  Assuming  a  pure  sinusoidal  tidal  velocity  distribution,  having  a  0305 
m/sec  amplitude  and  12.4  hour  period,  the  "minimum  daily  average  1-hour  tidal 
velocity  was  computed.  That  is,  the  assumed  tidal  current  magmtude  profile  was 
averaged  over  a  1-hour  window  centered  at  slack  tide  (approximately  hour  6.2). 
The  resulting  speed  was  estimated  to  be  0.04  m/sec  (see  Appendix  A) .  Thus,  as  a 
conservative  estimate,  an  ambient  current  speed  of  0.03  m/sec  was  input  to  the 
near-field  model  as  a  representative  acute  condition  tidal  current  speed.  Likewise, 
for  the  same  sinusoidal  profile,  a  tidal  average  speed  was  computed  as  0.19  m/sec. 
This  latter  average  is  representative  of  the  chronic  condition  speed. 

Ambient  salinity  and  temperature  in  Bush  River 

A  representative  receiving-water  salinity  of  3  ppt  is  assumed  in  this  study,  consistent 
with  the  limited  available  data  (e.g.,  Martin  Marietta,  1986).  Similarly,  a 
temperature  of  2P  C  is  assumed  for  the  Bush  River.  This  salinity  and  temperature 
correspond  to  a  receiving-water  density  of  only  1.00031  g/cm^.  Thus  the  selected 
values  are  conservative,  inasmuch  as  only  limited  plume  buoyancy  will  be  available 
to  dilute  the  discharges.  Note  that  the  assumed  density  of  the  groundwater 
discharges  is  1.00024  g/cm^  (i.e.,  only  0.007%  lighter  than  the  ambient  receiving 
waters). 
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Depth  of  discharge 

Based  on  the  most  recent  NOAA  navigation  chart  for  the  Bush  River,  an  average 
water  depth  of  1.5  m  (5  ft)  is  assumed  at  the  Bush  River  discharge  site.  However,  a 
more  conservative  estimate  of  half  this  depth,  0.76  m  (2.5  ft),  is  chosen  as  a 
representative  model  discharge  depth.  This  selection  reflects  the  fact  that  some  of 
the  discharge  occurs  along  the  shallow  frontage  of  the  peninsula. 

2^  Conceptualized  Discharge  Schematization 

As  noted  above,  the  448-m-wide  groundwater  discharge  plume  at  the  Beach  Point 
site  seeps  into  the  adjacent  Bush  River.  Thus,  this  discharge  is  assumed  to  comprise 
a  448-m-long  hne  source  of  buoyant^.  By  analogy,  the  corresponding  plume  in  the 
Bush  River  is  assumed  to  be  discharged  from  a  295-port  diffuser  having  a  total 
length  of  448  m  and  a  "port"  spacing  of  1.5  m  (5  . ft).  As  noted  by  Roberts  et  al. 
(1989),  the  dilution  level  of  a  buoyancy-dominated  plume  is  nearly  independent  of 
the  number  of  ports,  and  depends  primarily  on  plume  length  and  buoyancy.  The 
schematized  diameter  of  each  port  is  1.2  m  (4  ft).  Such  large  diameter  ports  allowed 
momentum-related  effects  to  be  minimized.  In  addition,  further  testing  showed  that 
Model  results  are  insensitive  to  port  diameter  (see  section  2.7). 

2.6  Near-Field  Model  Results 

Using  information  described  above,  an  input  file  was  constructed  for  the  ULINE 
model  and  a  series  of  simulation  were  conducted.  The  results  indicate  that  a  near¬ 
field  dilution  ratio  of  159:1  is  appropriate  for  application  of  acute  toxicity  criteria. 
Similarly,  model  results  indicate  that  a  near-field  dilution  ratio  of  1,006:1  is  appropriate 
for  application  of  chronic  toxicity  criteria.  Having  limited  buoyancy  and  initial 
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momentum,  this  near-field  dilution  is  effected  largely  by  the  large  discharge  length 
of  427  m  (1,400  ft)  and  ambient  current  field. 

2.7  Model  Sensitivity  Analysis 

The  accuracy  of  any  model  results  depends,  in  part,  upon  the  accuracy  of  selected 
input  parameter  values.  Accordingly,  a  model  sensitivity  analysis  was  performed  to 
evaluate  effects  of  individual  parameter  variations  on  model  output.  Results  of  this 
analysis  are  plotted  in  Figures  2-6  and  described  below. 

Figure  2  displays  model  sensitivity  to  variations  in  the  groundwater  discharge  to  the 
Bush  River.  As  noted  above,  the  selected  discharge  rate  of  0.0136  mVsec  (0.48  cfe) 
corresponds  to  a  dilution  ratio  of  159.  However,  higher  discharge  rates  are  likely  to 
decrease  the  near-field  dilution  (Figure  2).  For  example,  a  near  doubling  of  the 
discharge  rate  to  0.025  mVsec  nearly  halves  the  dilution  to  a  ratio  of  only  88. 

Likewise,  Figure  3  represents  the  model  sensitivity  to  the  selected  discharge  length 
(i.e.,  the  assumed  length  of  the  "line  source").  As  noted  above,  the  discharge  length 
is  estimated  to  be  448  m  (1,470  ft).  This  value  assumes  the  extent  of  the  lateral 
discharge  to  be  the  entire  length  of  the  Beach  Point  Peninsula  fronting  Bush  River. 
However,  a  more  conservative  estimate  of  approximately  half  this  length  (i.e.,  224 
m,  735  ft)  corresponds  to  a  simulated  near-field  dilution  ratio  of  81.  Also,  a 
discharge  of  length  of  (152  m)  500  ft  corresponds  to  a  dilution  ratio  of  54.  Overall, 
the  dilution  is  somewhat  sensitive  to,  and  approximately  linearly  related  to,  this 
assumed  discharge  length. 


SIMULATED  DILUTION  vs.  DISCHARGE 


Q  I— t  hJ  JD  '  O  Z  PXH<JO&-iOPi 
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The  model  results  are  also  somewhat  dependent  upon  the  assumed  discharge  depth. 
Figure  4  shows  a  nearly  linear  relation  between  the  simulated  dilutiou  ratio  and 
discharge  depth.  In  this  figure,  note  that  the  average  water  depth  in  the  near  fieid  is 
approximately  1.5  m  (5  ft).  However,  a  conservative  value  of  half  this  depth  (i.e., 
0.75  m  or  25  ft)  is  used  in  all  other  simulations.  This  conservative  assumption 
results  in  a  ddutiou  of  159  —  uearly  hall  of  the  corresponding  dilution  for  a  15-ft- 
deep  discharge  (i.e.,  319). 

Typically,  near-field  models  are  sensitive  to  the  ambient  current  speed.  Figure  5 
suggests  that  the  adapted  model  is  no  exception.  For  example,  the  estimated  tenth- 
percentile  speed  (i.e.,  0.03  m/sec)  corresponds  to  a  dilution  ratio  of  159,  wMle  a 
speed  of  0.02  m/sec  corresponds  to  a  dilution  of  106.  Thus,  it  is  unlikely  that 
uncertainties  in  the  speed  estimate  will  greatly  enhance  the  computed  dilution 

levels. 

Finally,  the  adapted  model  assumes  a  Bush  River  salinity  of  3  ppt.  Figure  6  suggests 
that  the  model  is  relatively  insensitive  to  other  representative  values  for  this 

parameter. 

Based  on  the  overall  results  of  the  model  sensitivity  analysis,  a  more  conservative 
estimate  of  the  near-field  dilution  factor  would  lie  within  the  range  of  54  to  159  for 
application  of  acute  toxicity  criteria.  Similarly,  a  conservative  estimate  of  the  near¬ 
field  dilution  factor  would  lie  within  the  range  of  499  to  1,006  for  application  of 

chronic  toxicity  criteria. 
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DILUTION  vs.  DISCHARGE  DEPTH 


3.  FAR-FIELD  DILUTION  ESTIMATES 


3.1  Definitions 

The  Bush  River  receiving  waters  can  be  divided  into  two  zones  based  on  the 
physical  mechanisms  of  mixing.  In  the  near-field,  rapid  mixing  is  caused  primarily 
by  the  discharge  plume’s  buoyancy  and  initial  discharge  momentum,  in  combination 
with  ambient  currents.  As  noted  above,  near-field  length  scales  are  typically  ones  to 
tens  of  meters;  near-field  time  scales  are  typicaUy  seconds  to  tens  of  minutes. 


In  the  far-field,  the  plume  is  mixed  passively  by  ambient  processes  such  as 
turbulence  and  tidal  dispersion.  Far-field  length  scales  are  typically  kilometer 
distances  from  the  discharge  site;  far-field  time  scales  are  hours,  days  or  more. 

The  following  sections  provide  preliminary  assessments  of  the  far-field  dilution  (i.e., 
the  flushing  rate)  in  the  Bush  River  Estuary.  Methodologies  for  such  techniques  are 
documented  in  "Water  Quality  Assessment:  a  Screening  Procedure  for  Toxic  and 
Conventional  Pollutants"  (EPA/600/6-85/002b).  Input  required  for  these  analyses 
includes  the  local  tidal  range,  mean  freshwater  inflow  and  salinity  data. 

32  Tidal  Prism  Method 

The  tidal  prism  method  was  first  introduced  by  Ketchum  (1951)  and  later 
elaborated  (EPA,  1985).  This  method  divides  an  estuary  into  a  number  of 
hypothetical  segments  having  lengths  of  approximately  one  tidal  excnrsion.  Within 
each  segment,  complete  mixing  is  assnmed.  Thus,  the  flushing  flow  for  the  i* 
segment,  Q„,  is  given  by  the  tidal  prism  volume  for  that  segment,  P,,  divided  by  the 
dominant  tidal  period,  T  (i.e.,  1  tidal  cycle  =  12.42  hours  or  44,712  sec).  The 
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corresponding  residence  time  for  that  segment  is  computed  as  the  total  segment 
volume  (i.e.,  Pj+Vj,  where  Vj  is  the  MLW  volmne)  divided  by  the  segment  flushing 
rate.  The  total  segment  residence  time  is  the  sum  of  all  individual  segment 
residence  times. 

y^plication  of  this  method  to  the  Bush  River  Estuary  is  illustrated  in  Table  3.  In 
this  application,  the  Bush  River  is  divided  into  6  hypothetical  segments  as 
delineated  in  the  previous  one-dimensional  modeling  study  by  Carter  (1976). 
Typical  segments  are  approximately  2-3  km  long,  comparable  to  one  tidal  excursion. 
Table  3  lists  corresponding  intertidal  volumes  and  MLW  (i.e.,  "subtidal")  volumes 
for  each  segment.  Table  3  also  lists  the  computed  segment  "exchange  ratio,"  rj, 
defined  as  the  tidtil  prism,  Pj,  divided  by  the  total  segment  volume,  Pi+ Vj.  Thus,  the 
computed  residence  time  for  the  i“*  segment  (in  units  of  tidal  cycles)  is  simply  the 
inverse  of  rj.  The  tidal  prism  method  calculations  indicate  that  the  total  residence 
time  for  the  Bush  River  is  approximately  31  days.  Moreover,  the  flushing  time 
below  the  Beach  Point  site  (i.e.,  for  segments  2  and  1)  is  approximately  13  days  (243 
cycles).  This  suggests  that  the  Bush  River  has  limited  "memory"  of  past  discharges 
from  the  site.  It  should  be  noted,  however,  that  the  tidal  prism  method  may 
underestimate  the  flushing  time  of  an  estuary  since  the  selected  segments  are  not,  in 
reality,  completely  mixed. 

Based  on  Table  3,  the  theoretical  flushing  rate  at  the  Beach  Point  site,  Q,2» 
by  the  ratio  P2/T  or  approximately  1.0x10®  m^  per  tidal  cycle  i.e.,  per  44,712 
seconds).  Thus,  the  corresponding  far-field  dilution  is  obtained  by  dividing  this 
flushing  rate  by  the  assumed  groundwater  discharge  flow,  0.0136  m^sec  (see  Eq.  6). 
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TABLE  3!  CALCULATION  TABLE  FOR  TIDAL  PRISM  METHOD 
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60.7  cycles 
(31.4  days) 


This  yields  an  estimated  far-field  dilution  of  1,618.  Again,  note  that  this  method 
likely  overestimates  this  dilution  since  it  assumes  complete  mixing  within  segments. 

33  Fraction  of  Freshwater  Method 

This  alternate  method  for  estimating  estuarine  flushing  times  uses  the  freshwater 
content  of  estuarine  segments  as  a  tracer.  That  is,  the  "fraction  of  freshwater"  for 
the  i***  segment,  f-,  is  the  defined  as  the  difference  between  the  Bush  River  entrance 
salinity  and  the  i^**  segment  salinity,  Sj-Sj,  divided  by  the  entrance  salinity,  (see 
Table  4,  sixth  column).  The  corresponding  "freshwater  volume,"  Wj,  for  that 
segment  is  approximated  by  the  fraction  of  freshwater,  fj,  multiplied  by  the  mean 
segment  volume,  Vj.  Thus,  in  the  steady  state,  the  segment  flushing  time  is  simply 
the  segment  freshwater  volume  divided  by  the  freshwater  inflow,  R.  Again,  the  total 
residence  time  is  obtained  by  summing  the  individual  segment  flushing  times. 

Application  of  this  method  to  the  Bush  River  Estuary  is  illustrated  in  Table  4.  Note 
that  the  segmentation  used  for  this  method  is  the  same  as  that  employed  in  the 
previous  section.  The  fraction-of-freshwater-method  calculations  estimate  the  total 
residence  time  for  the  Bush  River  as  57  days  —  somewhat  longer  than  the  tidal 
prism  method  estimate.  However,  the  computed  flushing  time  below  the  Beach 
Point  site  (i.e.,  for  segments  2  and  1)  is  nearly  the  same  —  approximately  14  days 
(26.7  cycles).  This  also  suggests  that  the  Bush  River  has  limited  "memory"  of  past 
discharges  from  the  site. 

3.4  Previous  Dye*Tracer  Study  Results 

Far-field  dilution  also  may  be  computed  empirically  based  on  field  ejq)eriments. 
Accordingly,  the  dye-tracer  data  collected  by  Carter  (1976)  in  the  Bush  Riyer  allows 
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TABLE  4:  CALCULATION  TABLE  FOR  FRACTION  OF  FRESHWATER  METHOD 
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109.9  cycles 
(56.9  days) 


for  such  computations.  Under  spring  (high-flow)  conditions,  Carter  reports  a  steady 
dye  dilution  ratio  of  267  (i.e.,  61.4  ppb  effluent  concentration  to  0.23  ppb  measured). 
Likewise,  under  fall  (low-flow)  conditions,  Carter  reports  a  dilution  ratio  of  315  (i.e., 

50.5  ppb  initial  concentration  to  0.16  ppb  measured).  Carter’s  data  provides  a  more 
conservative  estimate  of  the  far-field  dilution  than  the  segmented  (complete  mixing) 
approaches  described  in  sections  32  and  3.3.  For  this  reason,  and  because  it  is 
based  on  direct  measurements,  the  above-mentioned  dilution  ratios  of  267  and  315 
are  adopted  for  use  in  the  calculation  of  total  near-field  dilution. 

3.5  Calculation  of  Total  Near-Field  Dilution 

For  a  conservative  constituent,  the  far-field,  near-field  and  total  near-field  dilutions 
(Sp  S„  and  S,,  respectively)  are  defined  (e.g.,  Fischer,  1979;  Adams,  1990)  as: 


where  C„  and  and  Cj  are  the  constituent  concentrations  at  the  discharge,  at  the  end 
of  the  near-field,  and  in  the  far-field,  respectively.  Note  that  in  these  definitions,  the 
far-field  concentration  serves  as  a  backgroimd  concentration  for  the  near-field  in  the 
same  way  that  the  ambient  concentration  serves  as  a  background  for  the  total  near¬ 
field.  These  definitions  may  be  combined  to  yield  (Adams,  1990): 


Sn  ^  Sf  SjjSf 
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or 


(5) 


i  ~  4  +  i 


This  inverse  sum  indicates  that  the  total  dilution  in  the  near  field  is  always  less  than 
both  the  near-field  and  far-field  dilutions.  Moreover,  the  effectiveness  of  near-field 
mixing  is  always  limited  by  the  magnitude  of  the  far-field  mixing. 

In  the  absence  of  other  pollutant  sources  (i.e.,  0^=0  in  Eq.  1),  the  far-field  dilution 
reduces  to  a  ratio  of  either  concentrations  or  flows  (Adams,  1990): 

=  £2  =  ^  (6) 

Cf  Qo 

where:  C,,  is  the  discharge  concentration;  Q  is  the  far-field  concentration,  Q^,  is  the 
discharge  flow;  and  is  the  far-field  "flushing  flow"  or  downestuary  transport  rate 
(Officer,  1976).  Note  that  the  flushing  flow  is  not  a  measurable  flow  rate,  but  is  the 
equivalent  rate  at  which  mass  is  transported  seaward. 

Based  on  an  application  ofEq.  5  with  a  value  of  8^-50,  the  total  near-field  dilutions  for 
acute  toxicity  conditions  is  calculated  to  be  approximately  42  and  43  for  under  spring  and 
faU  conditions,  respectively.  Similarly,  an  application  of  Eq.  5  with  a  value  of  8^=450, 
yield  total  near-field  dilutions  for  chronic  toxicity  conditions  of  approximately  168  and  185 
for  under  spring  and  fall  conditions,  respectively. 


3.6  Application  of  Dilution  Factors  to  Toxics  Discharge  Data 

Using  the  above  calculated  dUution  factors,  near-field  concentrations  can  be  estimated 
for  the  parameters  of  interest.  This  estimate  would  be  equal  to  the  mean  groundwater 
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concentration  divided  by  the  dilution  factor.  Thus,  using  the  above  dilution  factor,  a 
pollutant  concentration  of  42  ppb  in  the  groundwater  would  be  diluted  to  1  ppb  within 
the  near-field  limits  of  the  Bush  River.  In  this  manner,  near-field  concentrations  for 
all  detected  groundwater  constituents  are  calculated.  These  results  concentrations  are 
shown  in  Tables  5  and  6.  An  examination  of  these  Table  reveals  that  the  expected 
near -field  impacts  will  be  near  or  below  the  method  detection  limit  for  most 
parameters.  For  such  constituents,  these  analyses  suggest  that  on-site  contamination 
will  not  produce  any  discemable  effect  on  the  water  quality  of  the  Bush  River. 


Table  5;  Computed  Dilutions  of  Volatile  Oi^anics  (ug/1) 


Constituent 

Groundwater 

Concentration 

Receiving-Water  Concentration 
Acute*  Chronic*' 

Chlorobenzene 

2 

0.05 

0.01 

Chloroform 

12 

0.29 

0.07 

1,1-Dichloroethene 

5 

0.12 

0.03 

cis-l,2-Dichloroethene 

640 

15.24  • 

3.81 

1,1,1,2-Tetrachloroethane 

3 

0.07 

0.02 

1,1,2^-Tetrachloroethane 

17,000 

404.76 

101.19 

Tetrachloroethene 

90 

2.14 

0.54 

1,1,2-Trichloroethane 

110 

2.62 

0,65 

Trichloroethene 

1,600 

38.10 

9.52 

Vinyl  Chloride 

2 

0.05 

0.01 

*  Based  on  observed  average  concentration  and  dilution  ratio  of  42.1 
♦♦  Based  on  observed  average  concentration  and  dilution  ratio  of  168:1 
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Table  6:  Computed  Dilutions  of  Heavy  Metals  (ug/1) 


Constituent 

Groundwater 

Concentration 

Receiving-Water  Concentration 
Acute*  Chronic** 

Aluminum 

1,500 

35.71 

8.93 

Antimony 

5 

0.12 

0.03 

Arsenic 

7 

0.17 

0.04 

Beryllium 

5 

0.12 

0.03 

Boron 

70 

1.67 

0.42 

Cadmium 

1.4 

0.03 

0.01 

Chromium 

5 

0.12 

0.03 

Cobalt 

110 

2.62 

0.65 

Copper 

8 

0.19 

0.05 

Lead 

5 

0.12 

0.03 

Mercury 

0.5 

0.01 

0.003 

Molybdenum 

40 

0.95 

0.24 

Nickel 

180 

4.29 

1.07 

Selenium 

5 

0.12 

0.03 

Silver 

1 

0.02 

0.006 

Thallium 

5 

0.12 

0.03 

Tin 

100 

238 

0.60 

Zinc 

310 

738 

1.85 

♦  Based  on  observed  average  concentration  and  dilution  ratio  of  42:1 
♦♦  Based  on  observed  average  concentration  and  dilution  ratio  of  168:1 
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4.  MIXING  ZONE  CONSIDERATIONS 

The  concept  of  mixing  zones  is  normally  applied  in  the  case  of  wastewater  facilities 
and  power  plants  that  discharge  to  tidal/coastal  waterways  via  an  outfall  diffuser 
manifold.  The  following  sections  summarize  Maryland’s  mixing  zone  regulations 
and  explore  their  appUcability  to  the  subject  groundwater  discharges. 

4.1  Mixing  Zone  Regulations 

A  mixing  zone  is  defined  (COMAR  26.08.01.01B)  as  "an  area  contiguous  to. a 
discharge  where  surface  water  quality  or  groundwater  quality  does  not  have  to  meet: 
(a)  all  water  quality  criteria;  or  (b)  all  requirements  otherwise  appUcable  to  the 
natural  water."  That  is,  pollutant  concentrations  within  the  mixing  zone  may  exceed 
the  specified  water  quality  standards  within  a  localized  vicinity  of  the  outfall.  The 
dimensions  of  this  zone  are  normally  comparable  to  those  associated  with  the  initial 
dilution  processes  (e.g.,  10-100  meters).  Thus,  marine  organisms  would  only  be 
exposed  to  concentrations  exceeding  the  specified  criteria  for  a  brief  period  during  a 
transit  of  the  mixing  zone  (Muellenhoff  et  al.,  1985).  Of  course,  water  quality 
criteria  must  still  be  met  outside  this  zone.  Moreover,  as  stated  in  COMAR 
26.08.02.05A,  mixing  zones  may  be  allowed  "provided  that  the  following 
requirements  are  met  outside  the  mixing  zone:  (a)  there  shall  be  no  interference 
with  biological  communities  or  populations  of  indigenous  species  to  a  degree  which 
is  damaging  to  the  aquatic  Ufe  or  ecosystem;  (b)  there  shall  be  no  diminishing  of 
other  legitimate  beneficial  uses;  (c)  mixing  zones  may  not  form  barriers  to  the 
migratory  routes  of  aquatic  life;  (d)  mixing  zones  shall  be  designated  and  located  to 
protect  surface  waters  and  shallow  water  shoreline  areas;  (e)  the  general  water 
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quality  criteria  set  out  in  regulation  .03B(l)-(3)  of  this  chapter  apply  within  this 
mixing  zone." 

Four  types  of  numerical  toxic  substance  criteria  are  promulgated  by  the  MDE:  (a) 
human  health  criteria  through  ingestion  of  public  water  supplies;  (b)  the 
wholesomeness  of  fish  for  human  consumption;  (c)  fresh,  estuarine,  and  salt  water 
aquatic  life  criteria  from  acute  toxicity  impacts;  and  (d)  fresh,  estuarine,  and  salt 
water  aquatic  life  criteria  from  chronic  toxicity  impacts.  For  the  purpose  of  applying 
numerical  toxic  substance  criteria,  the  Bush  River  Area  (Sub-Basin  02-13-07)  is 
classified  by  the  MDE  as  "fresh  water"  (Comar  26.08.02.03-lB)  and  as  "Use  H" 
(shellfish  harvesting  waters).  Corresponding  toxic  substances  criteria  for  both 
ambient  surface  waters  ("fresh  water")  and  human  health  ("fish  consumption")  are 
listed  in  Table  7.  Note  that  toxic  criteria  related  to  drinking  water  do  not  apply 
within  shellfish  harvesting  waters. 

The  following  regulations  (COMAR  26.08.02.05D)  pertain  to  the  application  of 
toxic  substance  Chronic  Criteria  for  the  protection  of  Aquatic  Life.  First,  in  terms  of 
size,  the  Regulatory  Mixing  Zone  (i.e.,  the  mixing  zone  in  which  the  Chronic 
Criteria  are  applied)  may  not  exceed  10  percent  of  the  cross-sectional  area  of  the 
receiving  waters.  Also,  the  Chronic  Criteria  are  applied  under  flow  conditions 
determined  from  site-specific  data  for  the  mean  tide  level,  average  tidal  velocity,  and, 
when  appropriate,  the  design  streamflow.  Based  on  the  MDE’s  discretion,  a  plume- 
dilution  study  also  may  be  required  for  the  application  of  these  criteria.  In 
accordance  with  COMAR  26.08.02.06(a),  conditions  pertinent  to  the  application  of 
toxic  substance  Chronic  Criteria  are  also  relevent  to  the  application  of  toxic 
substance  Human  Health  Criteria. 
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Table  7:  Applicable  Toxic  Substances  Criteria  for  the  Bush  River  (ppb) 


Amiatic  Life  Human  Health 

Constituent  Acute  Chronic  Fish  Consumption 


Arsenic  (tri) 

360 

Cadmium 

3.9 

Chromium  (hex) 

16 

Chromium  (tri) 

1700 

Copper 

18 

Cyanide 

22 

Lead 

82 

Mercury 

2.4 

Nickel 

1,400 

Selenium 

20 

Silver 

4.1 

Zinc 

120 

Aldrin 

3 

Benzidine 

1,1DCE 

DDT 

1.1 

Dieldrin 

2.5 

Endrin 

0.18 

lindane 

2 

PCP 

20 

PCB 

2 

1,1,1TCA 

Toxaphene 

0.73 

TCE 

Tributyltin(TBT) 

23,7,8  TCDD  (Dioxin) 

190 

1.1 

11 

210  3,433,000 

12 

5.2 

3.2 

0.012  0.146 

160  100 

5 

0.12 

110 


0.001 

0.00079 

0.0053 

18.5 

0.00024 

0.0019 

0.00076 

0.0023 

0.08 

0.625 

13 

0.014 

0.00079 

0.0002 

1,030,000 

0.0073 

807 

0.026 

0.0000012 

The  following  regulations  (COMAR  26.08.02.05C)  pertain  to  the  application  of  toxic 
substance  >4cM/e  Criteria  for  the  protection  of  Aquatic  Life.  Such  acute  criteria  (for  low- 
velocity  dischargers)  must  be  met  within  a  short  distance  from  the  outfall  using  the  most 
restrictive  of  the  following  conditions: 

(a)  Within  10  percent  of  the  distance  (in  any  spatial  direction)  from  the  discharge 
to  the  edge  of  the  Regulatory  Mbdng  Zone  (RMZ)  used  for  the  application  of  the 
chronic  criteria. 

(b)  Within  a  distance  of  50  times  the  "discharge  length  scale"  (i.e.,  50  times  the 
square  root  of  the  cross-sectional  area  of  the  discharge  outlet). 

(c)  Within  a  distance  of  5  times  the  local  water  depth  in  any  horizontal  direction 
from  the  discharge  outlet. 

Thus,  the  region  where  the  acute  criteria  are  applied,  sometimes  called  the  "Toxic 
Dilution  Zone”  (TDZ),  extends  outward  from  the  discharge  to  a  distance  no  larger  than 
any  of  the  three  lengths  cited  above.  Moreover,  the  TDZ  must  not  occupy  more  than  5 
percent  of  the  cross-sectional  area  of  the  receiving  waters. 

Also,  the  acute  criteria  are  applied  underflow  conditions  determined  from  site-specific  data 
for  the  mean  low  water  elevation,  the  minimum  daily  averaged  1-hour  tidal  velocity  and, 
when  appropriate,  design  streamflow  conditions.  Such  tidal  stages  are  deemed  "critical" 
(minimum-dilution)  conditions. 

42  Site  Applicability 

The  regulatory  conditions  relevent  to  mixing  zones  were  developed  for  outfall  diffusers. 
Their  application  to  an  area-wide  groundwater  discharge  is  somewhat  uncertain  due  to 
the  unknown  extent  of  this  area.  It  seems  likely  that  the  discharge  area  is  confined 
within  the  the  RMZ,  which  for  this  case  extends  approximately  500  feet  from  the  river 
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bank.  However,  the  extent  of  the  TDZ  is  more  poorly  defined  as  it  partially  depends  on 
the  configuration  of  the  discharge.  Thus,  the  appUcability  of  the  mixing  zone  concept 
must  be  further  examined. 

The  concept  of  miYing  zones  provides  an  intermediate  approach  to  the  assessment  of 
toxic  constituent  impacts.  The  two  other  approaches  generally  in  use  are  end  of  pipe 
and  "fully  mixed".  The  "end  of  pipe"  approach  allows  for  zero  dilution  -  criteria  are 
directly  applied  to  the  discharge  water  quality.  This  simplified  approach  yields  the  most 
stringent  results  which,  in  turn,  most  ensures  the  protection  of  aquatic  biota.  However,  it 
may  lack  a  physical  or  biological  basis  in  terms  of  receiving  water  impacts.  Thus,  its 
results  are  not  considered  to  be  defensible  -  it  is  effectively  a  non-technicaUy  based 
policy  decision.  Conversely,  the  "fully  mixed"  (or  far-field)  approach  considers  the  total 
volume  of  the  receiving  water  segment  to  be  instantly  available  for  the  dilution  of  a 
discharge.  This  approach  is  generally  is  far  less  stringent  than  the  end  of  pipe 
approach.  However,  it  may  not  adequately  address  biological  impacts  in  the  receiving 
water  due  to  near-field  conditions.  The  concept  of  mixing  zones  was  evolved  to  address 
these  limitations.  Mixing  zones  allow  consideration  of  the  initial  dilution  process.  This 
approach  also  protects  aquatic  life  by  limiting  the  potential  for  exposure  to  elevated 
concentrations  to  a  minor  portion  of  the  waterway.  As  only  a  portion  of  the  available 
dilution  is  considered  in  this  approach,  mixing  zones  provide  a  much  more  stringent  basis 
for  regulation  than  the  "fully  mixed  "approach. 


In  the  application  of  the  mixing  zone  concept  to  the  Bush  River,  it  was  necessary  to 
conceptualize  the  area-wide  groundwater  discharge  from  the  APG  as  a  line  source 
(diffuser).  Due  to  this  approach,  potential  impacts  could  be  assessed  in  a  technically 
defensible  maimer.  However,  this  approach  had  a  side  effect  of  conce,ntrating  the 
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groundwater  impaa  into  a  smaUer  area.  That  is,  this  approach  minimized  the  available 
near-field  dilution  and  projected  higher  receiving  water  concentrations  than  would  actually 
occur.  Thus,  the  mixing  zone  analysis  produced  an  overly  conservative  result.  In  the  near¬ 
field,  actual  receiving  water  concentrations  would  be  less  than  those  projected  due  to  more 
dispersed  nature  of  the  groundwater  plume.  In  the  far-field,  projected  and  actual  receiving 
water  concentrations  should  he  comparable.  However  far-field  concentrations  would 
always  be  less  than  the  near-field  projections. 

43  Conformance  with  Criteria 

In  Tables  8  and  9,  the  anticipated  near-field  receiving  water  concentrations  are 
compared  with  the  applicable  water  quality  criteria.  As  shown  in  these  Tables,  no 
exceedences  of  these  criteria  are  projected. 

There  will  be  a  detectable  impact  on  the  receiving  water  concentrations  due  to  volatile 
organic  constituents  (such  as  cis-1,2  dichloroethene;  1,1, 2, 2  tetrachloroethane;  and 
trichloroethene).  However,  with  the  exception  of  trichloroethene  (TCE),  Maryland  has 
not  implemented  criteria  for  these  constituents. 
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Table  8:  Comparison  of  Projected  Near-Field  Concentration  with 
Applicable  Toxic  Substances  Acute  Criteria  (ppb) 


Constituent 

Near-Field 

Concentration 

Aquatic  Life 

Acute  Criteria 

Arsenic  (tri) 

0.17  (total) 

360 

Cadmium 

0.03 

3.9 

Chromium  (hex) 

0.12  (total) 

16 

Oiromium  (tri) 

1700 

Copper 

0.19 

18 

cyanide 

22 

Lead 

0.12 

82 

Mercury 

0.01 

2.4 

Nickel 

4.29 

1,400 

Selenium 

0.12 

20 

Silver 

0.02 

4.1 

21inc 

738 

120 

DDT 

1.1 

Dieldrin 

2.5 

Endrin 

0.18 

Lindane 

2 

PCP 

20 

PCS 

2 

Toxaphene 

0.73 
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Table  8:  Comparison  of  Projected  Near-Field  Concentration  with 
Applicable  Toxic  Substances  Chronic  and  Human-Health  Criteria  (ppb) 


Constituent 


Near-Field  Aquatic  Life  Human-Health 

Concentration  Chronic  Criteria  Fish  Consump. 


Arsenic  (tri) 

Cadmium 

Chromium  (hex) 

Chromium  (tri) 

Copper 

Cyanide 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 


0.04  (total) 

190 

0.01 

1.1 

0.03  (total) 

11 

210 

0.05 

12 

5.2 

0.03 

3.2 

0.003 

0.012 

1.07 

160 

0.03 

5 

0.006 

0.12 

1.85 

no 

3,433,000 


0.146 

100 


Aldrin 

Benzidine 

1,1DCE 

DDT 

Dieldrin 

Endrin 

Lindane 

PCP 

PCB 

1,1,1TCA 

Toxaphene 

TCE  9.52 

Tributyltin  (TBT) 

2,3, 7, 8  TCDD  (Dioxin) 


0.001 

0.00079 

0.0053 

18.5 

0.00024 

0.0019 

0.00076 

0.0023 

0.08 

0.625 

13 

0.014 

0.00079 

0.0002 

1,030,000 

0.0073 

0.026 

807 

0.0000012 
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5.  SUMMARY  AND  CONCLUSIONS 

This  study  was  initiated  to  assess  the  potential  impact  to  the  Bush  River  due  to 
contaminated  groundwater  emanating  from  the  APG  site  in  Harford  County, 
Maryland.  Towards  this  objective,  an  EPA-approved  near-field  model  was  adapted 
to  the  receiving-waters  adjacent  to  the  APG  site.  The  model  approach  and  input 
was  developed  to  provide  a  conservative  assessment  of  receiving  water  impacts. 
This  analysis  suggests  a  near-field  dilution  level  of  approximately  42:1  for  the 
application  of  acute  criteria  and  a  near-field  dilution  level  of  approximately  168:1 
for  the  application  of  chronic  criteria.  Thus,  contaminants  introduced  into  Bush 
River  receiving-waters  at  a  concentration  of  42  ppb  will  be  diluted  locally  to  a 
concentration  of  approximately  1  ppb  or  less.  By  applying  these  dilution  factors  to 
the  groundwater  quality  data  from  the  APG  site,  near-field  concentrations  within 
the  Bush  River  can  be  projected.  As  shown  in  Tables  8  and  9,  none  of  the  projected 
receiving  water  concentrations  exceed  Maryland’s  current  acute  or  chronic  criteria. 

There  will  be  a  detectable  impact  on  the  receiving  water  concentrations  of  certain 
volatile  organic  constituents  (such  as  cis-1,2  dichloroethene;  1, 1,2,2 
tetrachloroethane;  and  trichloroethene).  Should  Maryland  enact  more  stringent 
criteria  for  these  parameters,  these  results  and  conclusions  must  be  re-evaluated.  In 
such  a  case,  a  field  study  would  be  recommended.  Such  a  study  would  include  in- 
situ  current  measurement,  dye  release  and  tracking,  CTD  casts,  and/or  water 
quality  data  collection- 
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TIDAL  VELOCITIES 


EsUmated  Discharge  Rates  in  the  Surficial  Aquifer 

Beach  Point  (Peninsuia)  Study  Area 

Aberdeen  Proving  Ground-Edgewood  Area,  Maryland 


Assumptions:  measured  Ui  MW-^.1  Is  continuous  throughout  the  Sucficial  Aquifer  at  the 

Beach  Point  peninsula;  orientation  (flow  direction)  Is  conslstant  with  actual  aqutfer 
conditions  over  one  complete  tidal  cycle  (discounting  short-term  fiuctuahons  due  to  tidal 
changes);  the  Surficiai  Aqutfer  at  Beach  Point  is  homogeneous,  characterized  by 
isotropic  flow  corxfitions. 

MW-33B.1  (screened  41‘-46’):  =  0.89  ft/day  (61 .8  ME) 

Average  saturated  thldmess  In  Surfidal  Aquifer  »  61.8* 

Length  of  Beach  Point  peninsula  fronting  Bush  River  =  1,470' 

Area  of  saturated  Surfidal  Aquifer  fronting  Bush  River  =  90,882.7  f? 

1.  If  wo  assume  is  oriented  perpendicular  (orthogonaO  to  the  Bush  River  frontage  in  the 
Surficiai  Aquifer,  then  the  estimated  groundwater  discharge  from  the  Surfidal  Aquifer  to  the 
Bush  River  side  of  Beach  Point  can  be  caloMed  as  shown  below: 

Estimated  Discharge  Rate  -  (Vk«XArea  of  Surfidal  Aquifer  X-Section  fronting  Bush  River) 

=  (0.89n/dayK61.8'X1.470r) 

=  80,852.9  fWday  =  604,780.0  gallons/day 

2.  However,  a  more  realistic  estimation  of  dischaige  through  the  Surfidal  Aquifer  along  the  Bush 
River  Involves  using  the  directional  component  of  orthogonal  to  the  Bush  River  frontage.  If 
this  is  performed,  then  the  estimated  groundwater  dischaige  from  the  Surfidal  Aquifer  to  the 
Bush  River  side  ^  Beach  Point  can  be  calculated  as  shown  below; 

Estimated  Discharge  Rate  =  (V^KArea  of  Surfidal  Aquifer  X-Section  fronting  Bush 

- ^  RIver)(component  of  V^or  orthogonal  to  Bush  River  frontage) 

=  (0.89  fl/d^M61.8’)(1 .200.3')(sln  23.8)  +  (0.89  fl/day) 
(61.8')(270.3') 

=  41,508.7  fP/day  =  310.484.8  gallons/day 
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